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ABSTRACT 
A Comparative Study of Faunal Assemblages from British Iron Age 
Sites 
Ellen Hambleton 
Thesis submitted for the degree of Doctor o f Philosophy 
Department of Archaeology 
University o f Durham 
1998 
The broad aim of this thesis is to further understanding of British Iron Age animal husbandry 
regimes by undertaking a comparative study of faunal assemblages. More specifically, this 
involves development of a uniform methodology for comparing published faunal data in order to 
recognise inter and intra-regional patterns of animal husbandry. Lack of uniformity in methods of 
recording and presenting faunal data, together with variation in the quality and quantity of 
information published in reports, serves as a barrier to systematic quantitative comparison. This 
thesis therefore seeks to develop methods of comparison which utilise the most commonly 
available forms of faunal data, or convert different forms of data into a single comparable format, 
in order that inter and intra-regional analyses of the widest possible dataset can be undertaken. 
To ensure viable comparisons unaffected by small sample bias, only those sites with total 
cattle, sheep and pig assemblages of NISP>300 or MNI>30 are included in this study. Analyses 
concentrate on the three main domestic species (cattle, sheep, and pig) which comprise the bulk of 
all faunal remains recovered from excavations of British Iron Age sites, and utilise three main 
types of information: Firstly, representation of different skeletal elements is examined in order to 
recognise the effects of taphonomic and human alteration on each assemblage. Secondly, 
quantification data for cattle, sheep, and pig is compared, using tripolar graphs to establish the 
relative importance of different species in each assemblage. Thirdly, mandibular tooth wear data 
is used for the composition of mortality profiles to compare herd management strategies. 
Both species proportions and mortality profiles from different faunal assemblages are 
compared, and examined for any inter and intra-regional similarities. Subsequendy assemblages 
are examined for relationships between patterns of species proportions and/or mortality profiles 
and particular site characteristics (topographical location, underlying geology, settlement type, 
and date). Finally, using the results of these analyses, suggestions are made as to the nature of 
animal husbandry regimes in different regions, and the factors influencing choice of husbandry 
strategy in Iron Age Britain. 
"So I prophesied as I was commanded: and as I prophesied there 
was a noise, and behold a shaking, and the bones came together" 
Ezekiel 37:7 
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Chapter 1 
Introduction 
This thesis is the product of research funded by the Natural Environmental Research Council, 
carried out at the Department of Archaeology, Uni'.ersity of Durham. 
An understanding of animal husbandry is fundamental to an understanding of Iron Age society 
in Britain due to the central importance of agriculture throughout the period (c. 750 BC - AD 
50). The broad aim of this study is to further our understanding of Iron Age animal husbandry 
regimes in Britain by undertaking a comparative study of faunal assemblages. More 
specifically, this wil l involve the development of a uniform methodology for comparing 
existing faunal data in order to recognise inter- and intra-regional patterns of Iron Age animal 
husbandry in Britain. 
In Britain the first millennium BC is recognised as a period in which many aspects of society, 
including settlement pattern, social organisation, technology, and the economy, changed and 
developed. Much of the evidence from this period (Late Bronze Age and Iron Age) app.. >^ to 
be associated with changes in land use and agriculture (Haselgrove forthcoming). Settlement, 
structural, artefactual, climatic and environmental evidence all indicate changes occurring 
throughout the later prehistoric period in Britain, particularly during the Mid-Late Bronze Age 
transition (c.1500-1150 BC) and the Late pre-Roman Iron Age (c.50BC-50AD). 
Iron Age settlement archaeology and agriculture 
Settlements 
The Iron Age provides a wealth and diversity of settlement evidence. In earlier periods the 
archaeological record in Britain is characterised by monumental, ceremonial and funerary 
evidence, but from the Mid-Late Bronze Age onwards archaeological record consists primarily 
of settlement sites, usually those of rural farming communities. Settlement archaeology has 
provided a ready source of evidence relating to agricultural production and consumption, much 
more so than the ceremonial and funerary archaeology of earlier periods which are less directly 
linked with the day to day aspects of the agricultural economy. The Late Bronze Age shows a 
marked increase in the enclosure of permanent settlements which continues into the British Iron 
Age. The tendency to enclose sites might be one reason for the wealth of settlement data, as the 
enclosing of a settlement by ramparts, ditches or palisades improves their archaeological 
visibility either as standing monuments or crop marks. 
The differing forms of settlement may have links with agricultural activity and thus 
provide insights into certain aspects of husbandry. The enclosing of settlements has been 
related to the importance of land use and land ownership within British Iron Age societies 
(Thomas 1997), which in turn implies an increase in the importance of agriculture when 
compared with earlier periods. Conversely, Van der Veen's (1992) study of crop remains in 
northern England, and supported by pollen evidence, suggests that intensification of arable 
production was at least partly linked to a shift from enclosed to open settlements in the later 
prehistoric period. Changes in settlement forms have also been taken as having agricultural 
implications in the Late Iron Age in Britain when there are changes in settlement patterns, and 
different types of settlement appear. A particular example of this is the appearance in the south 
east of England of "oppida", whose high status and "urban" features are often thought to be 
partly a product of encroaching Roman influence from the continent. This "Romanisation" of 
aspects of British Iron Age society may result in some Late Iron Age sites exhibiting associated 
changes in arable and pastoral production and consumption. 
The distinctive shape of the so-called Banjo enclosures, found across Britain but 
particularly in central southem England, has been interpreted as having particular functional 
links with agriculture; Perry (1972) suggested that some banjo enclosures may have served as 
specialised stock corrals within larger settlement complexes, while Hingley (1984) argues that 
the function of the Banjo form was to enclose settlement and divide arable from pastoral land. 
Functional links between settlement form and agricultural activity have also been made by Fox 
(1961) for the wide spaced ramparts of Iron Age settlements in the south west of Britain, and by 
Cunliffe (1991) for similar sites in northern Britain. Other features associated with settlements 
may also provide evidence of Iron Age agricultural activity. Linear earthworks associated with 
a number of settlements such as Danebury, and patchwork "Celtic" field systems found 
throughout Britain are seen as means of dividing up the Iron Age landscape for agricultural 
purposes. 
Structures 
There is evidence of internal structures associated with the agricultural economy at Little 
Woodbury, and at the majority of other excavated Iron Age settlements. There is unfortunately 
little structural evidence that can be directly associated with animal husbandry. It is possible 
that some of the structures found on Iron Age sites may have been for keeping animals. Pryor 
(1996) has reinterpreted the Bronze Age field systems around Flag Fen as stockyards, although 
as yet there is little definite evidence of byres or paddocks until the late Iron Age (Hill 1995a). 
Widespread over much of Britain are internal sfructures for the storage of arable produce, usually 
four or six post-hole structures commonly interpreted as granaries (Gent 1983). Other features 
also thought to be grain stores are the large storage pits common throughout southern Britain. 
The function of both post structures and pits has been discussed at length in the recent Danebury 
report (Cunliffe 1995), taking into account the massive amount of new data recovered during the 
20 year program of excavation at this site. These phenomena are widespread over all types of site 
and provide visible evidence of the universal importance of agricultural activity throughout Iron 
Age Britain. The existence of some sites with potentially massive storage capacity, e.g. 
Danebury, has been used to argue the importance of agricultural surplus in the maintenance of 
social control and reproduction (CunlifTe 1984, Sharpies 1991). 
Artefacts 
The artefactual evidence from the British Iron Age is ubiquitous, both for agricultural production 
(e.g. hoes, plough shares) and processing (e.g. quern stones, spindle whorls, loom weights). The 
use of iron in agricultural implements is an innovation in tool technology that may have aided the 
expansion of arable production in the Iron Age. Technological developments in agricultural 
processing during the Iron Age are also evident in Britain, for example the development of quern 
stones from saddle to rotary and beehive forms in the Middle and Late Iron Age. 
It is not just surviving earthworks and crop marks of settlements and field systems that provide 
evidence of Iron Age agricultural activity; excavations of settlement sites have also provided a 
wealth of sfructural, artefactual and environmental information concerning the importance of 
agriculture, and different agricultural husbandry regimes. Little Woodbury in Wiltshire (Bersu 
1940, Brailsford 1948 & 1949) is probably the earliest example of the combined use of all these 
types of evidence to build up a detailed picture of the agricultural economy, although there was 
only limited use of animal bone as a source of direct evidence of animal husbandry, and more 
emphasis was placed on determining the nature of arable production and consumption. 
Climate and crops 
The climatic evidence from Britain shows the Iron Age as a period of change. During the Late 
Bronze Age and early Iron Age the evidence points to a deterioration into colder and wetter 
conditions which then improved in the Late Iron Age period (Turner 1981). Variation in climatic 
conditions is likely to have affected choice of agricultural husbandry strategy and may also have 
had repercussions for other aspects of Iron Age society. The environmental evidence recovered 
from British Iron Age sites also indicates changing agricultural practices. There appears to be a 
chronological trend whereby the cereal economy, dominated by emmer wheat in earlier samples, 
moves towards later domination o f spelt wheat. The adoption o f spelt wheats, which tend to be 
hardier and more tolerant o f a range of different soil conditions that emmer wheats, is thought to 
have enabled the expansion o f arable cultivation onto marginal land, a change that is apparent in 
the Iron Age settlement record (Jones 1981, 1984a, 1996). Hulled barley was also grown 
extensively, and in some regions was evidently the main cereal crop. Although many areas of 
Britain had already experienced heavy woodland clearance, pollen evidence indicates 
intensification and extension o f permanent woodland clearance in many areas during the Iron Age 
period which would suggest an increase in agricultural activity (Bell 1996). 
Our understanding o f Iron Age arable economy in Britain has benefited greatly from 
systematic analysis o f the botanical evidence recovered from Iron Age sites which is usually in 
the form o f carbonised plant remains, particularly seeds, and also glumes and chaff. Analysis of 
such remains has provided a detailed insight into arable production and processing strategies at 
the individual site level. Furthermore, standardised methods o f recovery, quantification and 
analysis have resulted in consistent reliable comparison o f botanical assemblages at intra- and 
inter-regional levels. The use o f absolute radiocarbon dates o f crop remains (e.g. van der Veen 
1992) has enabled accurate analyses o f changes in husbandry strategy through time. The result 
has been that significant chronological and regional trends have been identified throughout the 
British Iron Age (Jones 1981, 1984a, and 1996). It has also proved possible to recognise 
important variations in patterns o f arable production and consumption between different classes o f 
site within and between regions (e.g. Van der Veen 1992). 
The changing nature of the Iron Age agricultural economy in Britain is o f direct relevance 
to studies o f all aspects o f Iron Age society. In order to further our knowledge of the agricultural 
economy as a whole it is essential to have an understanding of both arable and pastoral strategies. 
There is a particular need within the British Iron Age to increase our understanding of the faunal 
material as its f u l l potential as a source o f direct evidence for animal husbandry has yet to be 
realised. 
Justification and aims of research 
Faunal remains have been recovered throughout Britain from many different classes of Iron Age 
site. Since the 1950's animal bones have been used more and more as a direct source of evidence 
for animal husbandry. The ubiquitous nature of faunal evidence suggests some degree of 
domestic animal husbandry occurred at the majority of Iron Age sites throughout Britain. 
Detailed analysis o f animal bones has revealed the nature of Iron Age animal husbandry at 
individual sites and also has the potential to show broader regional and chronological trends in 
husbandry throughout this period in Britain (Maltby 1981a, 1996). 
Given the wealth o f Iron Age faunal material from Britain there should be the potential to 
achieve a similar level o f understanding o f animal husbandry to that already achieved for crop 
husbandry. However, while there have been extensive detailed examinations o f the mass of 
faunal remains from individual sites across Britain, e.g. in the Upper Thames Valley (Wilson 
1978, 1979, 1984, 1993), Wessex (Maltby 1981b, 1985, 1995a, 1995b; Grant 1984a, 1991), and 
North East England (Rackham 1987, forthcoming), our understanding o f broader patterns of 
animal husbandry is more limited. Knowledge o f the broader trends in animal husbandry regimes 
is limited mainly because there have been very few attempts at inter- and intra-regional 
comparison o f faunal assemblages, and British Iron Age faunal studies have tended to focus on 
individual sites. Chapter 2 reviews the main comparative studies o f British Iron Age faunal 
assemblages that have been undertaken. 
The lack o f comparative studies is partly because the methods of faunal analysis and 
reporting used are diverse, so data are not always in directly comparable formats. Even where the 
methods in use are broadly similar there is often variation in the data due to differences in the 
application o f these methods by different analysts. The absence o f universally applied uniform 
methodologies for recovery, recording, analysis, and presentation o f faunal data means systematic 
comparison o f faunal assemblages is very difficult ; those few attempts at intra- and inter-regional 
analysis o f animal husbandry strategies tend to be very generalised blanket interpretations often 
based on secondary evidence rather than primary bone data. I t is apparent that there is a need for 
systematic comparison o f the existing Iron Age faunal dataset from Britain in order to improve 
our knowledge o f the agricultural economy and our understanding o f Iron Age societies. 
The aim o f this study is to remedy this deficiency and to develop a reliable methodology 
for the comparison o f published faunal data, t h i s wi l l allow recognition of intra- and inter-
regional patterns among faunal assemblages, thus contributing to the understanding of animal 
husbandry in the British Iron Age, and how this varied chronologically and geographically during 
the period. 
Chapter 2 
Comparative Regional Investigations Of Iron Age Animal Husbandry: 
A Review Of The Literature 
This chapter w i l l provide an overview o f previous regional and comparative studies o f animal 
husbandry in Iron Age Britain. The approaches and content o f earlier inter-regional and intra-
regional studies w i l l be summarised, highlighting their limitations and suggesting ways in 
which this study may improve upon them. 
Previous analyses o f the Iron Age pastoral economy have mainly been at the level o f 
individual site reports; there are very few nation wide or region wide systematic comparisons 
o f faunal data. A number o f individual site bone reports have in the past included comparable 
data f rom other bone assemblages (e.g. Whitehouse 1974, Wilson 1993) in order to place the 
faunal information in a wider context, but such comparisons do not constitute a detailed 
regional comparative study. Those inter-regional and intra-regional studies which do exist are 
seldom based on quantitative comparison o f faunal material. Studies o f animal husbandry on a 
regional level can be found in the literature but are often brief, lack depth, and place too little 
emphasis on the actual faunal evidence itself, tending to infer animal husbandry practices from 
other types o f archaeological evidence. 
Br ie f discussion o f the nature o f the agricultural economy in different regions can be 
found within more general summaries o f the British Iron Age (e.g. H i l l 1995a, Haselgrove 
1989, forthcoming). Lengthier discussions concerning the pastoral economy can be found in 
complete papers and chapters devoted to the subject (e.g. Cunliffe 1991 chapter 15, Maltby 
1995, Piggott 1958); however these tend to be collations o f existing interpretations o f 
individual sites, often based on non-faunal evidence, rather than direct comparisons o f the 
faunal material. Similarly, studies o f varying quality and detail can be found for the animal 
husbandry practices o f specific regions such as Wessex (Maltby 1994), the Upper Thames 
Valley (Lambrick 1992), East Anglia (Crabtree 1994), the Nene and Great Ouse Basins (Knight 
1984) and Northern England (Huntley & Stallibrass 1995). 
Most studies use evidence o f pastoral activity together with arable, viewing the 
agricultural economy as a whole. J D H i l l (1995a) argues that it is unrealistic to artificially 
compartmentalise the arable and pastoral aspects o f the agricultural economy. While this is a 
valid point it must be weighed against the fact that extracting the maximum information from 
the archaeological evidence normally requires separate specialist consideration o f the faunal 
and botanical material. Consideration o f the agricultural economy as a whole is desirable, 
however before this is done the details o f its separate elements should be systematically 
considered. 
These existing studies utilise a number o f different approaches in order to consider animal 
husbandry f rom a regional perspective. Approaches include qualitative and quantitative 
comparisons o f faunal assemblages, analyses o f other related archaeological evidence such as 
botanical, structural and artefactual remains, and predictive models based on climate and 
topography. Although discussed separately below, the majority o f investigations utilise several 
o f these approaches at once. 
Previous approaches 
Quantitative 
Quantitative studies can be a powerfiil tools when examining regional frends in animal 
husbandry as they provide an objective record of the similarities and differences between 
faunal assemblages, although these 'objective' results are as open to subjective interpretation as 
any other source o f evidence. Systematic quantitative comparison is probably one o f the most 
reliable means o f identifying patterns in the composition o f faunal assemblages indicative o f 
intra- and inter-regional patterns o f animal husbandry. Despite this, quantitative studies 
comparing British Iron Age faunal data, with the aim o f highlighting similarities and 
differences wi thin and between the faunal assemblages f rom different regions, are rare. 
The main problems o f adopting a quantitative approach to studying Iron Age animal 
husbandry across regions is the limits o f the faunal data set itself Given that many areas o f 
Britain have failed to preserve faunal remains adequately, the scope o f a quantitative study o f 
faunal data is limited. A quantitative study cannot hope to consider all regions o f Britain as not 
al l regions o f Britain can provide sufficient quantities o f faunal data, although this does not 
prevent valuable inter- and intra-regional studies o f the pastoral economy in those areas where 
sizeable bone assemblages are preserved. Indeed quantitative comparative studies carried out 
by K i n g (1978, 1984) have provided usefijl insights into the pastoral economy o f Britain in the 
Roman period despite an almost complete lack o f faunal assemblages f rom areas such as North 
West England. Where possible this study w i l l attempt to utilise small faunal assemblages in 
order that regions where few large faunal assemblages have been recovered are not excluded, 
thus extending our understanding o f Iron Age animal husbandry based directly on faunal 
evidence into areas not covered by previous quantitative studies. 
I t is necessary for a reliable quantitative study that the faunal data be directly 
comparable. This is not the case for all Iron Age assemblages as different methods o f 
recording and analysis mean faunal data is not always in a comparable format. This study w i l l 
aim to maximise the amount o f comparable data where possible by converting data into similar 
formats. 
Qualitative 
Qualitative studies considering only faunal material are found in the Iron Age literature. These 
tend to collate the interpretations and conclusions from site bone reports and comparing them 
to build up a picture o f animal husbandry in the region. Often qualitative studies use other 
sources o f evidence in addition to the faunal remains and tend to consider the arable as well as 
the pastoral side to the agricultural economy. Some studies (e.g. Piggott 1958) can be 
discursive and speculative with only a very generalised picture o f the animal economy, using 
broad terms such as "mixed farming" to describe husbandry practices, and fai l ing to recognise 
differences wi th in a region. Other qualitative studies (e.g. Lambrick 1992) manage to consider 
the agricultural economy o f a region as a whole without losing sight o f the differences in 
animal husbandry regimes o f individual sites. 
Although subjective, a qualitative approach is o f use when combining several very 
different types o f evidence. For the purposes o f this study a qualitative approach is used in 
conjunction wi th quantitative analysis where the available data is not o f sufficient quantity or 
quality to be used in statistical tests, and instead analysis relies on the visual identification o f 
patterns and trends within the data. 
Secondary evidence 
In addition to bones, the primary source o f evidence for animal husbandry regimes, secondary 
sources o f evidence can be considered. Secondary sources o f evidence for animal husbandry 
come in the form o f archaeological structures and artefacts that have been interpreted as having 
functions associated wi th animal husbandry or the products o f animal husbandry. Thus the 
presence o f structures interpreted as paddocks or byres, or artefacts associated with wool 
spinning, leather working, and processing o f dairy products may be used to imply certain 
husbandry activities or aspects o f herd management. Evidence o f this sort is used where there 
is a lack o f wel l preserved faunal assemblages as a substitute for primary evidence, as well as 
in conjunction wi th faunal remains to provide additional information about husbandry 
practices. 
Although this approach is undoubtedly usefial, especially in regions where there is a 
dearth o f faunal material, on its own it can provide only tentative conclusions concerning the 
animal husbandry o f a region as it relies on an interpretative relationship with the animal 
economy, unlike the faunal remains which have a direct link. This approach is not used in the 
fo l lowing comparative study, instead analysis focuses on the faunal material, although different 
site characteristics are considered in the interpretation o f animal husbandry regimes from the 
faunal evidence. 
Literary evidence 
One highly dubious source o f information concerning Iron Age British fanning practices is 
Classical literature, particularly the writings o f Caesar. Although seldom considered as a 
definitive source o f information literary sources have in the past been used, together with other 
approaches, in regional studies o f the Iron Age agricultural economy in Britain. Caesar's 
assertion that the Britons "do not, for the most part, cultivate grain" {Gallic Wars, V , 14), and 
Dio ' s description o f the Scots as "having neither walls nor towns nor t i l th, but l iving by 
pasturage and the chase" (Dio, L X X V I , 12) while not accepted by Piggott (1958) for the South 
o f Britain is certainly a visible influence on his interpretation o f the North: "The Celtic cow-
boys and shepherds, footloose and unpredictable, moving with their animals over rough pasture 
and moorland, could never adopt the Roman way o f l ife in the manner o f the settled farmers of 
the South." (ibid, 25). 
Earlier regional studies o f Iron Age agriculture lacked the techniques and datasets 
available to more recent studies, and thus rely more heavily on the classical literary evidence. 
The faunal and botanical studies o f data from Iron Age sites over the last twenty years have 
provided evidence, such as that for arable cultivation in the north o f England (Van der Veen 
1992), that questions the validity o f the literature. However, even without the benefit o f direct 
faunal and botanical evidence to the contrary the assertions o f classical writings should have 
been considered unreliable given the problems o f interpretation and mistranslation. Certain 
passages concerning native animals immediately inspire caution, such as Caesar's rather 
fanc i fu l notion that elk have no joints in their legs and are best hunted by fel l ing the trees 
which they must lean against to sleep {Gallic Wars, V I , 27). 
Relation to arable economy 
Both the arable and pastoral sides o f the agricultural economy are closely related and, as part o f 
an approach that considers the agricultural economy as a whole, evidence for arable production 
is often used as a secondary source o f evidence for pastoral strategies. As with other forms of 
secondary evidence a knowledge o f the arable strategies in connection with the faunal evidence 
provides a fuller picture o f the role o f animal husbandry in the economy, but cannot be 
considered a substitute for primary faunal evidence. Knowledge o f arable strategies can add 
depth to interpretations o f the role o f domestic animals, for example evidence for intense arable 
production in conjunction with a predominantly sheep based faunal assemblage might imply 
that sheep were important as a source o f fertiliser. Problems arise with this approach when 
speculative interpretations based on arable evidence contradict independent conclusions based 
on the faunal remains. This study utilises only faunal evidence, but it is recognised that any 
interpretations o f animal husbandry regimes should considered as part of broader agricultural 
and economic strategies. 
Blanket interpretation 
Often a particular site or assemblage is deemed to have features characteristic of many or all 
sites in a region and this "type site" is then taken as being representative o f all sites and 
assemblages within that region. This approach can be useful in summarising general trends 
within or between regions, however it can obscure intra-regional differences; a type site may 
have particular traits seen in all sites or assemblages across the region but this does not mean 
they share all characteristics. This blanket application o f a specific set o f attributes to all sites 
can obscure inter-site differences and thus l imit our understanding o f animal economies. 
A blanket approach can obscure local and regional differences in animal husbandry 
regimes, particularly i f the defining characteristics of a type site are concerned with the arable 
rather than the pastoral economic strategies. This is illustrated in the blanket interpretation 
used by Piggott (1958) describing a "Woodbury type" economy for the whole of South East 
Britain, and a "Stanwick type" for the whole o f North West Britain. The use of blanket 
interpretations o f the Iron Age animal economy in certain regions o f Britain may partly be the 
result o f preservation biases that leave large areas of the country without archaeological faunal 
remains; thus, in the absence o f any other data to contradict the assumption, one faunal 
assemblage is used to describe the pastoral economy of an entire region. By considering as 
many separate faunal assemblages as possible f rom each region, this study enables not only 
identification o f key unifying trends that are characteristic of all sites from a region, but also 
recognition o f the diversity o f faunal assemblages and therefore husbandry strategies that occur 
within what have previously been considered homogeneous regional groups. 
10 
Environmental determinism 
Environmental determinism involves the formation o f predictive models o f agricultural 
regimes based on factors such as climate and topography. Environmentally determined models 
rely on the assumption that particular economic strategies are best suited to particular 
environmental conditions, thus where those environmental conditions occur so does the 
associated economic strategy. Prevalent in studies o f prehistoric Britain is the notion made 
popular by Fox (1938) o f the "Highland" and "Lowland" zones ( f ig . 1) (Haselgrove 
forthcoming, H i l l 1995a). These are environmental distinctions based on climate and 
topography, the Highland zone being characterised by a high, rugged landscape with a very wet 
climate and the Lowland zone characterised by dryer, lower lying land. Once again Piggott's 
(1958) model provides a good example o f the use o f this approach in British Iron Age studies; 
the distribution o f the two types o f agricultural economy described by Piggott ( f ig . 2) is closely 
related to Fox's zones. 
There are three main problems with the adoption o f environmentally determined 
models. Firstly, wi thin a broad environmental zone there is often considerable localised 
variation. This means that within a large environmental zone there are smaller micro 
environments that would suit agricultural strategies different to those predicted for the broader 
region; indeed, often such areas are favoured precisely because they allow diversification. 
Therefore the predicted models are not uniformly applicable across regions without obscuring 
intra-regional variation. 
Secondly, in the case o f Iron Age Britain we are dealing with domestic species in both 
the pastoral and arable economy; domestication is itself an alteration o f the natural order (a 
number o f Iron Age domesticates are not naturally indigenous to Britain) which causes 
diff icult ies when trying to apply a model o f agriculture based on natural environmental 
constraints. Humans can alter the environment, for example by irrigation or drainage, or by 
providing livestock with shelter f rom the elements, and in doing so can extend the 
environmental tolerance o f domestic species beyond the range o f natural l imiting factors. 
Where such environmental alteration has occurred predictive models based on natural 
environmental constraints would not be applicable. 
Finally, even without human intervention, the environmental constraints that determine 
whether or not a particular husbandry strategy is viable are often broad enough to encompass a 
number o f possible regimes, so there is no way o f predicting the details o f husbandry regimes 
such as the degree o f specialisation or intensification. 
Environmental determinism is o f limited use in regional studies o f the British Iron Age 
agricultural economy, especially when using as predictive tools broad environmental factors 
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such as climate and topography which may not be consistent throughout a region. Knowledge 
o f environmental conditions is still helpful in explaining observed patterns o f animal husbandry 
(Grant 1984b). Variables such as underlying geology and topographical location are 
considered by this study when attempting to explain intra- and inter-regional similarities and 
differences observed between faunal assemblages. 
Land over 200m 
HIGHLAND Z O N E 
L O W L A N D ZONE 
Figure 1: Map of Britain depicting Fox's (1938) 'Highland' and 'Lowland' zones. 
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Figure 2: Map of Britain depicting Regions covered by Piggott's (1958) 'Stanwick' and 'Woodbury' 
cultures. 
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Figure 3: Map of Britain depicting Cunliffe's (1991) model of the distribution of different Iron Age 
agricultural economies. 
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Previous Studies 
The fo l lowing section w i l l review a number o f different regional studies o f Iron Age animal 
husbandry. The studies reviewed consider animal husbandry regimes either alone or as part o f 
the overall agricultural economy; they come in the form o f inter-regional studies looking at 
trends across the whole o f Britain or smaller scale studies looking at intra-regional patterns. 
The approaches taken by the various studies w i l l be summarised together with their findings. 
As shown above, there are a number o f means o f approaching investigations o f animal 
husbandry at a regional level. Most o f the studies referred to in this chapter utilise a 
combination o f different practical methodologies and theoretical approaches. 
Inter-regional studies 
Piggott's (1958) interpretation o f native agricultural economies in Iron Age Britain utilises 
many o f the approaches discussed above. The qualitative assessment o f the faunal, botanical, 
structural and artefactual remains that were then available, together with a consideration o f 
literary evidence and environmentally determinist principles results in the recognition o f two 
main types o f agricultural economy. Piggott recognised two type sites; Litt le Woodbury, 
which characterises the economy o f the South and East o f Britain, and Stanwick, which 
characterises the North and West. The model proposed by Piggott was that o f two different 
economic strategies, a "Woodbury type" where there was mixed farming but the pastoral 
economy was secondary to the arable cultivation, and a "Stanwick type" which represented an 
almost entirely pastoral based economy wi th probable elements o f limited nomadism. 
Cunl i f fe (1991, chapter 15), like Piggott considers both arable and pastoral sides o f the 
agricultural economy together, he also uses a variety o f sources o f evidence together with a 
consideration o f the technological and environmental constraints imposed on British Iron Age 
populations. However Cunliffe divides Britain up into smaller regions, allowing a more 
detailed consideration o f agricultural strategies across Britain. The island is divided up into the 
fo l lowing regions: Central-southern Britain, the Midlands, the South-west, Wales, Northern 
Britain, and Northwest Scotland and the Isles. The detail of discussion o f animal husbandry 
practices differs between regions mainly in relation to the amount o f faunal evidence available. 
The nature o f the pastoral economy is discussed in most detail for the south of England, 
Cunl i f fe suggests similar agricultural economies for Wessex and the Upper Thames Valley 
involving the exploitation o f sheep mainly for secondary products such as wool and manure, 
and the presence o f cattle primarily as a sign o f status and wealth. The main concern o f 
Cunl i f fe ' s study is not wi th the details o f animal husbandry strategies but with the overall 
productivity o f the agricultural economy and how this relates to social structure. Fig. 3 shows 
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the different economic types attributed to different regions o f Britain in Cunliffe's model of 
Iron Age agricultural strategies. 
The study o f animal exploitation in Iron Age Britain carried out by Maltby (1996) 
differs f rom those o f Piggott and Cunliffe in that it considers only the evidence from 
archaeological faunal assemblages. There is very little discussion o f regional variation other 
than a discussion o f the differences in availability and quality o f faunal assemblages. The 
study is mainly geared towards a qualitative summary o f the data available, the relative 
importance o f different species to the pastoral economy, and the contributions of intra-site 
studies o f faunal material. Maltby provides a summary assessment o f the faunal evidence 
rather than an interpretation o f it, no neat regional models o f pastoral economies are given but 
there is a good assessment o f the available faunal information and the problems inherent in 
using it to examine the regional aspects o f Iron Age animal husbandry in Britain. 
The inter-regional approach taken by this investigation o f Iron Age animal husbandry 
uses six regions similar in size and location to those utilised by Cunliffe, but like Maltby's 
study it concentrates purely on the available faunal material. The fol lowing study aims to move 
beyond a qualitative summary o f the available faunal material to provide detailed quantitative 
comparisons o f the different regional groups o f faunal assemblages. As well as inter-regional 
comparisons o f faunal material the investigation w i l l be sufficiently detailed at the individual 
assemblage level to enable investigation o f patterns o f animal husbandry within regions. 
Intra-regional studies 
The Upper Thames Valley and Wessex are considered as one region in Grant's (1984b) 
quantitative comparison o f the faunal assemblages from the area. There is an assessment of the 
quality and size o f faunal assemblages f rom the region and a comparison o f the proportions and 
age profiles o f the main domestic species in the different assemblages. Grant seeks to explain 
the observed trends in the faunal assemblages in terms o f topography. A pattern is observed 
within the region whereby the chalk downland sites, above 76 m OD, exhibit a greater 
emphasis on sheep while the lowland sites, below 76 m OD, appear to have a pastoral economy 
based more on cattle husbandry. This study is one o f the better intra-regional analyses of 
animal husbandry in Iron Age Britain, and is the only one to provide a successful quantitative 
comparison o f faunal assemblages. 
The Upper Thames Valley is the subject of a detailed study o f later prehistoric and 
Roman agriculture by Lambrick (1992). The study utilises a variety o f evidence including 
faunal, botanical, climatic, topographic, and settlement information in order to build up a 
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picture o f animal husbandry practices alongside other aspects o f the agricultural economy. 
Lambrick considers chronological trends as well as intra-regional differences, and concludes 
that there is an increase in production f rom the Early Iron Age and that in the Middle Iron Age 
there is increased intensification o f pastoral and arable farming which continues into the Late 
Iron Age. The Middle Iron Age intensification results in intra-regional variation in animal 
husbandry regimes as there appears to be the development o f specialised pastoral farming, the 
most extreme form o f specialised pastoralism using a strategy o f seasonal transhumance to 
exploit the summer pastures o f the f lood plain. There is no quantitative analysis o f the faunal 
assemblages but this does not appear to have prevented detailed and independent consideration 
o f the pastoral economy as well as its relation to the arable economy. 
A recent review o f the faunal material f rom Wessex (Maltby 1994) summarises the 
proportions and age profiles o f the main domestic species. The study concludes that in general 
sheep and cattle appear to have been used to provide secondary products, wool and manure 
f r o m sheep and dairy products and traction from cows, but there is no evidence for specialised 
regimes o f animal husbandry. This is a brief article that summarises only the most general 
aspects o f Wessex animal husbandry, and itself suggests the need for a more detailed inter-site 
analysis o f the faunal assemblages. 
Two other regional assessments o f Iron Age animal husbandry are Knight's (1984) 
analysis o f the Nene and Great Ouse basins, and Crabtree's (1994) study o f some East Anglian 
Iron Age faunal assemblages. Knight 's quantitative comparison o f the region's faunal 
assemblages meets with little success, mainly because o f the lack o f sizeable published faunal 
assemblages f rom the region. The tentative conclusions that Knight does draw (a mixed 
economy wi th probable later expansion and intensification o f stock rearing and, for sheep, a 
possible increase in the emphasis on secondary products) are for the most part based on artefact 
and structural evidence. Crabtree's study involves quantitative comparison of the Iron Age 
faunal material in terms o f species proportions, k i l l patterns, and measurements. Unfortunately 
for those o f us interested in the Iron Age pastoral economic strategies o f the region, the study 
concentrates on the Anglo-Saxon pastoral economy the Iron Age material being compared with 
the Anglo-Saxon to illustrate chronological continuity. Thus the study provides a source o f 
comparative faunal information for the Iron Age period but does not provide any detailed intra-
regional assessment o f animal husbandry regimes. 
Huntley and Stallibrass' (1995) review o f plant and vertebrate remains f rom Northern 
England is worth mentioning as it provides a detailed summary o f the faunal evidence f rom the 
region, although it is not an attempt to analyse the Iron Age animal husbandry strategies of the 
region. The aim o f the review is to provide a summary o f the available faunal data together 
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with suggestions for future directions o f research, and as such it is a useful tool for anyone 
attempting to study Iron Age (or other period) animal husbandry regimes in the region. 
Recently a similar series o f regional reviews o f environmental data from prehistoric and 
historic periods have been commissioned by English Heritage. These other English Heritage 
reviews w i l l cover much o f the same Iron Age material for each region included in this study 
and w i l l undoubtedly encounter similar problems o f quality, availability and comparability o f 
published faunal data. 
Quantitative analysis such as the comparison o f species proportions used in Grant's 
comparative study o f the Wessex and Upper Thames Valley faunal assemblages w i l l be 
adapted for use in this study, and extended to include other characteristics such as mortality 
patterns and skeletal element representation. The use o f site characteristics to help explain 
similarities and differences in the composition o f faunal assemblages is another o f Grant's 
approaches that w i l l be adopted; however, rather than just a single variable such as site height, 
other factors including underlying geology, settlement type, and date w i l l also be considered. 
As wel l as providing a clear summary o f the available faunal evidence for each region, similar 
to many o f those described above, the systematic comparative approach taken in this study 
should allow a detailed analysis not only o f broad regional patterns o f animal husbandry, and 
internal variations within a region, but also variations that extend across more than one region. 
Summary 
Having discussed the approaches taken in previous comparative regional studies o f Iron Age 
animal husbandry strategies it is apparent that although consideration o f the agricultural 
economy as a whole is desirable, it is also important to examine the faunal material 
independently in order to gain a detailed understanding o f the pastoral economy. The 
usefulness o f a quantitative comparison o f faunal assemblages is shown by Grant's (1984b) 
study o f Wessex and the Upper Thames Valley and supports the approach taken by this thesis. 
The lack o f similar detailed inter-regional and intra-regional studies o f animal husbandry 
practices based on quantitative comparisons o f faunal assemblages justifies the need for a study 
o f this sort. There is a tendency in the literature towards generalised blanket inter-regional 
interpretations and a lack o f detail in intra-regional studies. However, despite a lack o f detail 
previous comparative inter- and intra-regional studies have provided a number o f models o f 
British Iron Age animal husbandry strategies against which the results o f this thesis may be 
compared. 
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Chapter 3 
The Iron Age Dataset And Introduction To Methods Of Analysis 
The Iron Age faunal dataset encompasses a broad diversity o f animal bone assemblages. 
Differences in sample size, state o f preservation and species composition are primarily the 
results o f past human activity and taphonomy, although these and other differences may also be 
due to the actions o f archaeologists and faunal analysts. Other differences in the dataset 
include the quality o f faunal analyses and the ways in which data is made available. Methods 
w i l l be suggested that aim to provide reliable systematic comparisons o f Iron Age faunal 
assemblages f rom Britain despite the varied quality and format o f the available data. 
Problems in faunal analysis 
Relationship between recovered and deposited assemblages 
The size, duration o f occupation and level o f activity that occurred at any archaeological site 
w i l l dictate the potential size and composition o f the faunal assemblage entering the 
archaeological record, while taphonomic factors w i l l determine the size and composition o f the 
assemblage surviving in the ground. However it is the actions o f the archaeologists that 
determine size and composition o f the recovered sample; the extent o f the excavations (i.e. 
whether the whole or just a percentage o f the site is excavated) w i l l determine the size o f the 
assemblage, as w i l l the quality o f recovery, the composition o f the assemblage may also be 
influenced by the quality o f recovery as well as by the choice o f contexts excavated. The 
decisions made by the faunal analyst to examine the whole assemblage or smaller sub-samples, 
together wi th the choice o f which fragments to record and the individual ability to identify 
fragments also influence the final size and composition o f a faunal sample. The effect of all 
these influences on the amount o f faunal information available is shown in figure 4. 
The alteration o f assemblage size and composition by pre-depositional and post-
depositional factors occurs in all archaeological faunal samples. Any analysis o f animal 
husbandry using archaeological faunal data must rely on the assumption that the recovered 
faunal sample is in some way representative of the original death assemblage which in turn can 
be related to the original l iving population. This is not an unreasonable assumption; however, 
the difficult ies o f faunal analysis lie in determining how directly the recovered sample 
represents the original death assemblage. I t is possible to recognise the effects o f some 
taphonomic factors on a recovered sample, and this information could be used to estimate how 
the recovered sample differs in composition f rom the original death assemblage. Thus any 
method o f faunal analysis, and therefore any comparative studies o f faunal assemblages, should 
attempt to establish taphonomic histories to extrapolate f rom the recovered sample the probable 
composition o f the original death assemblage. 
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Figure 4: Model of the taphonomic,history of a faunal assemblage (after Meadow 1981). The deaeasing size 
of the circle (from top to bottom) denotes the loss of information through taphonomic time. 
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Structured deposition 
Ritual or structured deposition of fauna! material is seen as one of the main barriers to reliable 
reconstruction of the archaeological animal economy of Iron Age Britain. It is believed by 
some archaeologists (e.g. Hill 1995a) that where faunal material has been deposited as part of a 
periodic ritual rather than as daily refuse, those remains are outside the sphere of the economy 
and cannot be used to help reconstruct animal husbandry regimes. To a certain extent this may 
be true as deliberate deposition of particular species or particular age cohorts in certain 
contexts may bias the composition of the recovered sample away from that of the original death 
assemblage. This is thought to be of particular relevance to the British Iron Age faunal 
material as many sites exhibit some incidence of structured deposition in the form of complete 
or partial articulated burials particularly in pits and ditch terminals (Grant 1984c, Cunliffe 
1992, Hil l 1995b). When quantifying faunal material the preservation of complete or partial 
articulated skeletons can result in over-representation of the species and age groups involved, 
biasing the overall composition of the recovered assemblage. Problems of this sort do not 
seriously reduce the reliability of economic reconstruction from faunal remains, as it is possible 
to avoid significant over-representation of articulated remains by recording them as a single 
unit rather than as multiple occurrences of separate skeletal elements, a strategy frequently 
used by faunal analysts studying British Iron Age assemblages. 
Hil l (1995a) maintains that the bulk of faunal material deposited on Iron Age sites 
should be considered the results of "structural deposition", and that the composition of 
recovered faunal assemblages are too much the product of deliberate human activity to be 
representative of the original composition. The representation of different species in an 
assemblage may be affected by ritual or cultural factors that result in differential deposition of 
different species. For example low incidence of pig in many assemblages may result from 
differential deposition of pig remains away from the settlement in areas which are unlikely to 
be the focus of archaeological excavation. 
It is acknowledged that the importance of domestic animals to British Iron Age 
societies went beyond that of simply a subsistence resource, but suggesting that this is a barrier 
to our understanding of the animal economy seems to be an unnecessary compartmentalisation 
of the ritual, ceremonial and spiritual role of domestic animals and their economic functions. 
To consider ritual deposits of faunal material as separate from the animal economy is to study 
ritual activity out of context. Faunal analysis can attempt to recognise and take into account the 
biasing effects of structured deposition in the same way as other taphonomic factors. Also, the 
level of structured deposition on many British Iron Age sites may have been overestimated. 
Wilson's (1996) spatial analysis of distribution of faunal remains on archaeological sites 
suggests that many of the differences in species and age composition between different types of 
context and different areas of a site, previously interpreted as ritual human activity, may 
actually be explained by carcass processing combined with the effects of carnivore attrition. 
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The faunal dataset 
Sources of data 
The faunal assemblages selected for use in this study are restricted to those recovered from 
sites which, subsequent to excavation, have been interpreted as Iron Age settlements. As the 
majority of British Iron Age sites have been interpreted as rural farming settlements this does 
not reduce significantly the fauna! dataset. Those sites interpreted as ritual centres, e.g. 
Hayling Island (Downey et al 1979) and Harlow Temple (France & Gobel 1985, Legge & 
Dorrington 1985), are excluded from the dataset as it is unlikely that the faunal assemblages 
from such sites include any of the day to day refuse of animal processing and consumption 
which can be used to infer animal husbandry strategies. It should be pointed out that often 
there is no clear distinction between settlement and ritual centres, and it is not unusual for areas 
of ritual significance to occur inside settlements, as is the case with Danebury (Cunliffe 1984). 
As a result of these potential palimpsests of ritual and domestic faunal assemblages, it is 
important to be cautious when using entire site assemblages to infer animal husbandry 
strategies. For this reason only broad interpretations of economic strategy should be made, 
unless the proportion of non-domestic refuse in an animal assemblage can be proven to be 
negligible. 
The decision was also made to use existing published data, where available, to compare 
faunal assemblages. Published reports on individual faunal assemblages provide a readily 
accessible source of data for use in comparing the British Iron Age material. Using published 
material meant the largest possible number of assemblages from around Britain could be 
compared in the time available, as the alternatives of collecting fresh or archived data were 
much more time consuming and probably would have resulted in the use of a smaller dataset. 
Another reason for attempting to use published data was to see whether or not is was possible 
to do so; the purpose of publishing data is to enable reinterpretation and further evaluation of 
the faunal material, and it is important to assess to what extent this is possible under the current 
conventions of British Iron Age faunal publications. 
Ideally a comparative study of faunal assemblages from different sites would use fresh 
faunal data collected by direct analysis of the bones themselves. This would ensure the use of a 
consistent methodology and cut out any variation due to the idiosyncrasies of different faunal 
analysts. Unfortunately this was not a realistic proposition for the purposes of this study as 
collection of fresh data from the majority of existing British Iron Age faunal assemblages 
would have been too time consuming. There are other logistical problems involved with the 
collection of fresh data, in particular the problems of reassessment of old assemblages. Loss of 
material, including loss of complete assemblages, is not uncommon and many assemblages 
have suffered additional mixing and breakage which mean they are no longer in the same state 
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as when examined originally. There are also problems of gaining access to existing faunal 
collections that may further reduce the available dataset. 
Archive material was also considered as a possible source of data for use in this study 
on the assumption that use of archive reports would enable access to data unavailable in the 
published sources while being less time consuming than collection of fresh data. In actual fact 
the archive material proved to be of surprisingly limited use to this sort of comparative study. 
A pilot study using the archive faunal reports and catalogues from six Iron Age Upper Thames 
Valley sites revealed that although there were some potentially useful intermediate forms of 
data, on the whole there was little information in the archives, in terms of quantification of 
species, skeletal element representation and ageing data, that was not available in the published 
reports. Also, archive material often suffers the same problems of loss, incompleteness, and 
poor access as the bone assemblages themselves. 
The most suitable source of faunal data for use in this systematic comparative study of 
Iron Age faunal assemblages from across Britain was thus the existing published dataset. In a 
few cases, regions lacking sufficient published data were supplemented, where available, by 
archive and fresh data. For example the dataset from northern Britain (the region covering the 
north of England from South Yorkshire to the southern Scottish borders and Lothian) includes 
as yet unpublished data from Stanwick, and fresh data obtained from direct analysis of the Port 
Seton faunal assemblage. Al l sites included in this study and all those mentioned in the text are 
fully referenced in the bibliography. 
Those faunal samples considered for use in this study were all excavated and published after 
1950, as prior to this date faunal studies invariably contain insufficient information in a suitable 
format. Suitable assemblages were found by consulting British regional archaeological 
journals for Iron Age sites (post 1970), and consulting the bibliographies of books and papers 
providing overviews of the British Iron Age, primarily Cunliffe's (1991) Iron Age Communities 
in Britain. Several hundred Iron Age site reports were examined for usable faunal 
assemblages. 
Many faunal assemblages could be instantly rejected as the quality of analysis was too 
poor and none of the required data had been recorded. References were found to a number of 
large and potentially important faunal assemblages of which there was no attempt at analysis, 
in particular the assemblage from Staple Howe (Brewster 1963). It was not uncommon, 
particularly in earlier reports, to read that no attempt had been made to analyse the faunal 
remains, and that recovered bones were often discarded. It was also apparent that many 
samples were too small to be able to provide a reliable indication of the composition of the 
archaeological assemblage, and therefore could not be used in this comparative study. Details 
of those British Iron Age faunal samples which were large enough and produced sufficient data 
for use in this study are given in appendix 1 and 2. 
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Species 
This comparative study is concerned only with the three main British Iron Age domesticates: 
cow, sheep and pig. These three species comprise the bulk of all British Iron Age faunal 
samples, and while the exploitation of other species is of interest it is apparent from the 
dominance of these three species in the archaeological record that the majority of Iron Age 
animal economies were based almost exclusively on the products of cattle, sheep and pig. This 
also appears to be true of much of the northern French Iron Age assemblages (Lepetz 1996) 
and Romano-British Assemblages (King 1978). Compared to most modern domestic breeds. 
Iron Age cattle, sheep and pig must be considered small; small breeds such as Soay sheep and 
Dexter cattle appear to provide the best modem analogy to the British Iron Age breeds, 
exhibiting similar size and skeletal morphology (Reynolds 1979). 
Other domestic species commonly found at British Iron Age sites include horse and 
dog. Dog remains are seldom present in large numbers, and rarely constitute more than 1 or 2 
% of the identified faunal assemblage. At some sites horse remains are present in greater 
quantities than pig, e.g. Mingles Ditch (Wilson 1993), suggesting a greater economic 
importance, and a number of sites, e.g. Danebury (Grant 1984a, 1991) also show a relative 
increase in the importance of horse at the very end of the Iron Age. In overall terms, however, 
pig remains occur at a greater percentage of Iron Age sites and are the third most abundant 
species more consistently than horse. The role of horse in the Iron Age economy is open to 
debate; while it is accepted that horses were probably used as mounts or pack animals, the 
butchery evidence is ambiguous with some sites showing evidence that horses were used as a 
source of meat and others not. The role of horse in the British Iron Age is a subject that 
warrants further research, however the inclusion of pig in this study as one of the three most 
common domesticates, rather than horse, is justified by the overall abundance of pig on Iron 
Age sites. 
Goats also occur in the faunal assemblages but often sheep and goat remains are not 
easily distinguished as separate species. The general consensus among the published Iron Age 
faunal analyses is that the majority of ovicaprid remains are those of sheep rather than goat, 
and there is little evidence to suggest any significant difference in the treatment of the two 
species. Thus for the purposes of this study sheep, goat and indeterminate sheep/goat remains 
are all included under the term "sheep". 
There is a very low incidence of wild species in most British Iron Age faunal 
assemblages. Deer, hare and wild boar appear to have been the most commonly hunted 
species. Wild boar, where identified separately, have not been included in the counts of pig, 
although it is possible that some reports have counted wild boar remains among those of 
domestic pig. Nevertheless, the consistently low occurrence of wild boar in Iron Age samples. 
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where it is separately identified, suggests that the relative importance of pig would not be 
significantly increased in samples where wild and domestic remains were grouped. 
There are a few instances where faunal assemblages do include a larger percentage of 
wild species, indicating the importance of exploitation of wild resources to the local economy. 
For example, the East Anglian fenland sites of Haddenham and Market Deeping exhibit high 
incidences of beaver remains, and it is thought that the exploitation of beaver was of great 
importance to the inhabitants of these sites (Evans and Serjeantson 1988, Albarella 1997). 
These are exceptions, and the overall impression from the majority of British Iron Age faunal 
assemblages is one of an animal economy based almost exclusively on domestic species with 
minimal utilisation of wild species. The concentration on domestic animals is apparent even 
where wild resources are abundant and easily accessible such as at the Scottish coastal sites of 
Port Seton, where there is little or no evidence that marine resources were exploited 
(Hambleton & Stallibrass forthcoming), and Broxmouth, where it appears marine resources 
were exploited only as an emergency resource (Sloan forthcoming). An overview of the British 
Iron Age animal economy, and details of intra- and inter-regional patterns of husbandry 
strategy, may therefore be obtained by undertaking a comparative analysis of the main 
component of the Iron Age faunal dataset, namely the assemblages of domestic cow, sheep and 
pig-
Site characteristics 
In order to attempt to understand the reasons for the differences in assemblage composition 
and, consequently, animal husbandry strategies observed in the British Iron Age faunal dataset 
it was decided to examine the patterns of species composition and mortality profile for 
relationships with a variety of different site characteristics. The following sections give details 
of these various characteristics. 
Regions 
The faunal samples were separated into six regional groups covering England, Wales and 
Southern Scotland (the northern Scottish mainland was excluded due to the paucity of available 
Iron Age faunal evidence) and were examined for any corresponding similarities in assemblage 
composition. The chosen regions (figure 5) reflect broad areas of shared cultural and 
geographical traits. These form cohesive units despite inevitable environmental diversity and 
local variation in the archaeological evidence, for example differences in pottery decoration 
(Cunliffe 1991). 
Wessex and Central Southern England: Including the main Wessex counties of Wiltshire, 
Hampshire and Dorset together with Somerset, Avon, Berkshire and south Sussex, this region, 
with the exception of the Somerset Levels, is mainly comprised of reasonably low lying 
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a) Wessex and Central Southern England 
b) Upper Thames Valley and Surrounds 
c) Eastern England and East Anglia 
d) Western England and Wales 
e) Midlands 
t) Northern England and Southern Scodand 
F i g u r e 5: Map of Britain depicting geographical regions and location of sites used in this sUidy. 
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undulating chalk downland. It forms the southern half of the hillfort-dominated zone which is 
characterised by the "developed" multivallate hillfort (Cunliffe 1984). The non-hillfort sites 
tend to be relatively small enclosed domestic farmsteads such as Gussage all Saints, and banjo 
enclosures such as Micheldever Wood. Central southern England has been the main focus of 
many Iron Age studies, having had a long history of archaeological investigation which 
accounts for the large faunal dataset available from this region. 
Upper Thames Valley and Surrounds: This region covers Oxfordshire and Gloucestershire, the 
counties that contain the upper reaches of the Thames and its tributaries. Settlement on the 
upland chalk areas is in the form of widely spaced enclosed sites, while on the low lying 
alluvial flood plains and gravel terraces of the river valleys more closely spaced open 
settlements predominate (Hingley 1984). Compared to the other regions, this covers a very 
small geographical area. However, intensive archaeological survey and a long program of 
rescue excavation has provided sufficient numbers of faunal samples to allow this area to be 
examined as a region in itself 
Eastern England and East Anglia: This is a large area stretching from the Lincolnshire fens 
and covering the whole of East Anglia and most of south east England, including 
Cambridgeshire, Bedfordshire and Buckinghamshire to the west and at its southernmost reaches 
Kent and north Sussex. Cunliffe (1982) maintains that Kent and north Sussex should be 
considered part of Eastern England because they share cultural and geographical similarities 
with the region centred around the Thames and East Anglian rivers flowing into the North Sea. 
There is a certain amount of geographical diversity ranging from the reasonably high ground of 
the Chiltern Hills and the Weald to the fenlands lying only a little above sea level. Settlements 
tend to be open and the enclosing of sites tends to be a later occurrence. There are few 
hillforts, and those that do occur in the region appear mainly in the Late Iron Age. 
Western England and Wales: This is a broad geographical area comprising the south west of 
England, Wales, and the border counties of the Welsh Marches. Geographically diverse, the 
region includes the mountainous areas of central and northern Wales, the coastal environments 
of the south west and Welsh coasts, and the mixed topography of the more temperate Marches. 
One shared feature is that much of the region has acid soils that do not favour bone 
preservation, a feature which may account for the small size of the available dataset. The 
Marches and north Wales comprise the other half of the hillfort-dominated zone. In this part of 
the zone there are fewer of the "developed" hillfort type and the non-hillfort sites are mainly 
isolated enclosed farmsteads. The rest of the region may be considered part of the Atlantic 
tradition and shares similar traits such as the occurrence of small settlements with large 
enclosing earthworks called raths in Wales and rounds in south west England. Another 
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settlement feature of the region is the occurrence of hillforts with wide spaced ramparts (Fox 
1961). Even though it may well encompass more than one distinct Iron Age cultural tradition, 
it is necessary to group together faunal samples from such a broad region in order to obtain 
sufficient samples for viable inter- and intra-regional comparison. 
Midlands: The midlands region includes the counties of central England as far west as the 
Welsh Marches and as far east as Northamptonshire and Lincolnshire north of the fens. This 
region falls outside the hillfort-dominated zone and exhibits a diverse range of settlement types 
including enclosed, open, and agglomerated settlements. Hillforts occur in low density, and the 
few that have been excavated appear to be of Early Iron Age origin, e.g. Hunsbury (Fell 1937, 
Jackson 1993) and Mam Tor (Coombs 1976). 
Northern England and Southern Scotland: As with the western region, this is a large and 
diverse geographical area with a high incidence of acidic soils. Bone preservation is generally 
poor, although there are exceptions. The region encompasses the north of England counties 
from South Yorkshire through to the Scottish counties south of the Forth. The main variation 
in geography is between the east and the west; to the west the ground is higher and the climate 
wetter, while to the east the region is more temperate and lower lying. The settlement pattern 
is also varied and includes both open and enclosed sites. There are a few large hillforts 
throughout the region, but the majority of univallate and multivallate sites termed "hillforts", 
most dense in north east England and south east Scotland, are not on the same scale as those of 
Wessex and the Welsh Marches and are best described as enclosed settlements or defended 
enclosures (Terrell 1997). 
The regions defined for use in this study are consistent with the important aspects of those used 
in previous surveys of Iron Age Britain. Hence Fox's (1938) Highland zone can be equated to 
the 'Northern' and 'Western' regions described above, while his Lowland zone is roughly 
equivalent to the environmental parameters of the remaining four regions'. The northern and 
western regions also represent the survey areas which, given the high incidence of acid soils, 
are most likely to have suffered the detrimental effects of natural environmental conditions on 
assemblage preservation. 
In terms of the archaeological evidence the regions reflect broad variations in 
settlement patterns across Britain as described by Cunliffe (1991). The core, periphery, and 
outer zones used to model the spread of Late Iron Age developments such as the adoption of 
coinage and Roman styles of material culture (Haselgrove 1982) can also be identified in the 
' The clear division of Highland/Lowland environments described by Fox (1938) was in place by the 
Iron Age. In earlier periods the differences were less acute but were exacerbated by Neolithic and 
Bronze Age agriculture (Jones 1986); thus Fox's Highland/Lowland zones are not an appropriate frame 
of reference for similar studies of earlier periods. 
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regions chosen. The core area is largely included within the eastern region; the Wessex, Upper 
Thames, and Midlands regions correspond to the peripheral zone, and the western and northern 
regions provide a fair approximation of the outer zone. 
The use of established geographical and cultural regions will enable the interpretations 
of animal husbandry strategy provided by this study to be placed within what are perceived to 
be the important socio-political and environmental divisions within Iron Age Britain. 
Settlement types 
The categories of site, hillfort, banjo enclosure, enclosed settlement, and open settlement, are 
all terms in common use in the literature concerning Iron Age Britain. Many are broad blanket 
terms that could well encompass a variety of different types of site. However it is not the 
purpose of this study to debate Iron Age terminology and the categories used do appear to 
include sites with enough generally similar features to be considered a coherent group. It is not 
uncommon for settlements to change form through time, for example Thorpe Tliewles in 
Cleveland has both an enclosed and a later open phase (Heslop 1987). Assigning faunal 
assemblages to particular site categories is quite difficult in this situation and can only be 
resolved i f the faunal assemblage has been divided into sub-samples corresponding to the 
different phases of settlement type. 
Hillforts: The term hillfort is generally applied to large univallate or multivallate hilltop 
enclosures such as those prevalent throughout Wessex and the Welsh Marches. Most hillforts 
appear to have arisen during the Early Iron Age, but this varies and in eastern Britain hillforts 
are generally a later Iron Age phenomenon. Hillfort sites range from small, densely occupied 
and well fortified settlements to large enclosures with little evidence of occupation; as well as 
varying geographically, hillfort forms also vary through time (Cunliffe 1991). Generally the 
term seems to infer some sort of special status which differentiates hillforts from other 
enclosed settlements, although in the past the term has also been used indiscriminately for 
enclosed settlements whose only real difference from other surrounding sites is their location 
on a hill . 
Banjo enclosures: Supposedly shaped like a banjo, these are small circular enclosures which 
have leading from them a characteristic long narrow entrance of parallel ditches that splay out 
at the end. Although occurring throughout Britain they appear most commonly in central 
southern England. Banjos could be included under the umbrella term of enclosed settlement, 
however they are a quite clearly defined group which allows them to be treated as a separate 
category. Also, the banjo form has been interpreted as having some functional association with 
agriculture such as livestock keeping, and because of this is worthy of separate attention in a 
study concerned with agricultural strategies. 
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Enclosed settlements: This includes all other sites with a definite boundary surrounding the 
whole settlement. For the most part sites in this category are small single household farmsteads 
which differ across Britain mainly in terms of shape and can be circular, rectilinear, D-shaped 
or irregular. Size can vary, as can the boundary itself which may be in the form of simple 
boundary ditches, palisades, or more substantial earthworks or stone ramparts. 
Open settlements: This is probably the broadest category and includes any settlement without a 
clear enclosing boundary. They range in size from individual roundhouses to aggregations of 
households covering several hectares. Although having no single enclosing boundary many 
open settlements do exhibit some enclosed features, for example the site of Dalton Parlours 
consists of multiple interlocking small enclosures. The nature of agglomerated settlements 
differs from planned "villages" such as Ower (Woodward 1987), to looser sprawls (e.g. 
Ashville, Parrington 1978) that represent the shift of settlement through time. This category 
also includes oppida and related sites2. Characteristically these are large, low lying sites, often 
defined by linear dykes but not wholly enclosed, which developed on the latter half of the first 
century BC. They typically exhibit strong links with the continent and have been interpreted as 
high status sites and political foci (Darvill 1996). 
As well as their prevalence in the literature, the choice of categories has been 
influenced to a limited extent by their significance to the potential characteristics of faunal 
assemblages. Open and enclosed sites are considered as separate categories as the presence or 
absence of a clear boundary may influence the completeness of recovery of the site faunal 
assemblage and - because of differential spatial distribution between species - the relative 
proportions of species (Wilson 1996). Previous studies linking particular agricultural strategies 
or functions with particular types of site have also influenced the choice of categories. 
Comparing the faunal assemblages from different types of site can help test these assumptions. 
Comparison of similarities and differences of faunal assemblages both within and between 
different categories of site can help fuel debates over whether similarities in site form are 
related to similarities in site function. 
Date 
The date divisions are those in current use throughout British Iron Age studies: Early Iron Age, 
Middle Iron Age, and Late Iron Age. A fourth category. Late Iron Age and Early Romano-
British, is also used as many samples continue into the Roman period and it is useful to 
2 These include the so-called territorial oppida of south east England (Cunliffe 1991), such as 
Colchester, St Albans, and Silchester (none of which unfortunately yielded faunal samples that could be 
used in this analysis), and other major nucleated settlements, with or without smaller defended enclosures. 
The latter group includes Baldock and Puckeridge-Braughing/Skeleton Green. The site of Stanwick, 
North Yorkshire, is also commonly included as one of the oppida, but is distinguished by its geographical 
location in the north of England. 
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examine these sites separately for possible differences linked with the spread of Roman 
influence and the adoption of Roman culture. Dating in the Iron Age is a contentious issue as a 
plateau in the radio-carbon curve between 800 and 400 BC hinders accurate absolute dating of 
assemblages for the first half of the Iron Age (Cunliffe 1991). This means dating of sites, and 
consequently faunal assemblages, has relied heavily on relative dating based on artefact and 
settlement types which results in variation of the start dates and duration of Iron Age periods 
assigned for different areas in Britain. Despite these inconsistencies there are generally agreed 
dates for the Different Iron Age periods in Britain. For the purposes of this study the following 
dates are used: EIA c.750-400 BC; MIA c.400-100 BC; LIA c.lOOBC - AD50. The LIA-ERB 
category refers to assemblages beginning during the Late Iron Age period but with a substantial 
proportion of faunal remains representing the second half of the first century AD. These are 
necessarily broad categories but it is hoped they may highlight some interesting chronological 
variations in animal husbandry strategy throughout Iron Age Britain. 
Geography 
Certain aspects of a site's geographical location can determine the range of different 
agricultural strategies most appropriate for its inhabitants. This study considers differences in 
topographical location and underlying geology with reference to the composition of faunal 
assemblages. 
Underlying geology: The categories chosen are the six most common found among the sites 
used in this study and include. Alluvium, Boulder Clays, Chalk, Gravel, Limestone, and Peat. 
Underlying geology, as the parent material, provides a broad indication of the soil types at each 
site, and is more commonly noted in the published site reports than the soil types themselves. 
Topographical location: The categories are height ranges of 0-25m OD, 26-75m OD, 76-150m 
OD, 150-225m OD, and above 225m OD. These divisions distinguish between very low-lying 
sites in wetland areas or river floodplains which may have been subject to seasonal flooding, 
and higher areas of different pasture types with variable access to water sources and suitability 
to arable cultivation. The divisions are also suited to testing associations of different site 
heights with particular faunal assemblage compositions proposed in previous studies (e.g. Grant 
1984b). 
Methods of analysis 
The use of existing published faunal data influences the choice of methods used to compare 
assemblages. The simplest way to ensure comparable data would have been to use established 
methodologies already in frequent use in British Iron Age faunal sttidies. This way the faunal 
31 
data used would be in the same format and can provide a reliable comparison of different 
assemblages. Unfortunately the variety of different methods of recording and presenting data 
used in analyses of British Iron Age faunal assemblages means data from different sites are 
often not directly comparable. Where this is the case techniques must be developed to convert 
existing data into a single comparable format. The majority of methods of recording and 
presenting faunal data used in British Iron Age analyses reflect those commonly used in studies 
of French Iron Age material, and Romano-British material, as well as in many other faunal 
assemblages from different locations and of different date. Any comparative methods 
developed here for use with the British Iron Age dataset are therefore likely to be of future use 
in comparative studies of faunal remains from other periods and regions where similar types of 
data are available. 
Another feature of the methods required for this study is that they should provide a 
quick and straightforward outline of the main characteristics of a faunal assemblages while 
enabling easy identification of intra- and inter-regional trends and the presence outlying 
samples. 
Approaches: Body part representation, species proportions, and mortality patterns 
The approach used to compare faunal assemblages in this study involves three main methods. 
Assemblages are characterised by the relative proportions of the three main domestic species in 
the sample, the age profile of each species, and the representation of different body parts 
among these species. The main principles behind the choice of these methods are given below 
while the details of each of these methods are given in chapter 4 - Skeletal Element 
Representation, chapters 5 & 6 - .Quantification, and chapters 7, 8 & 9 - Ageing. 
One method intended for use in this study was the comparative analysis of skeletal 
element representation in the three main domesticates. Where suitable data were available 
results were presented graphically to allow visual comparison of different site assemblages, and 
different species within an assemblage. The purpose of analysing the representation of 
different elements of the skeleton was to recognise the effects of different taphonomic biases 
on each assemblage, and to use these broad taphonomic histories to clarify the validity of the 
different species compositions and mortality profiles exhibited in each assemblage. 
Unfortunately it was not possible to implement this method fully for the comparative study of 
Iron Age faunal assemblages from Britain. 
Comparative analysis of quantification data was undertaken to establish the relative 
importance of cattle sheep and pig in different Iron Age faunal assemblages. Al l published 
faunal analyses make some attempt to quantify of the faunal remains according to different 
species, and most use similar units of quantification that can be easily compared by converting 
these numbers into percentages. Where similar units of quantification were used in reports, 
assemblages were compared in terms of species composition. The relative abundance of cattle, 
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sheep and pig remains were expressed as percentages of the total abundance of those three 
species in each assemblage. The relative percentage of cattle sheep and pig in each assemblage 
were plotted on tripolar graphs, which provided a means of visually comparing the species 
composition of different assemblages, allowing recognition of patterns of intra- and inter-
regional similarities and differences. For each faunal sample plotted on the tripolar axes, 
different site characteristics could be clearly labelled enabling easy recognition of relationships 
between observed trends in the species composition and particular properties of the sites from 
which the faunal assemblages were recovered. The main purpose of comparing the relative 
abundance of different species was to gain an understanding of the relative importance together 
with the treatment and utilisation of the different species at each site and their potential 
contribution to the Iron Age economy. Triplots have been used extensively in comparative 
faunal studies elsewhere, e.g. by King (1978, 1984) and by French archaeozoologists e.g. 
Lepetz (1996). 
Finally, ageing data from analysis of mandibular tooth wear was also compared. As 
with quantification, most published reports provide some relevant data although, unlike units of 
quantification, ageing data from British Iron Age assemblages is not always presented in a 
similar format. The method for comparing age data involved the development of a technique 
for converting different types of tooth wear data into a single comparable format. A visual 
comparison of age at death for each species was possible by presenting data in the form of 
mortality curves which could be plotted on the same axes allowing visual recognition of 
similarities and differences both within and between regions. Analysis of mortality profiles 
was undertaken because it enables different strategies of herd management to be recognised. 
This in turn provides some indication of the level of exploitation of each species for different 
primary products, such as meat and hide, and secondary resources, such as milk, wool, manure, 
and muscle power as draught and pack animals. 
The possibility of providing details of the taphonomic histories of each assemblage by 
comparing skeletal element representations is limited by the availability of useful data. 
However, comparative analyses of both quantification and ageing data do successfully enable 
analysis of intra- and inter-regional patterns in the relative economic importance of each 
different species, and the relative importance of different animal products throughout the 
British Iron Age. 
Statistical or visual analysis? 
It is important to be able to examine data to see i f any patterns may be explained by factors 
other than simple chance or the vagaries of separate analysts and their methodologies. For the 
purposes of this study visual methods of examining patterns of similarities and differences 
among the faunal assemblages are used rather than statistical analyses. Ideally statistical tests 
would be used to determine whether or not the observed trends were due to chance and whether 
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the relationships between assemblage composition and certain site characteristics were real. In 
this instance it did not seem appropriate to use statistical tests to assess the validity of the 
observations, because the archaeological data used were not of sufficiently high quality to 
warrant the use of precise mathematics, or because there were no statistical techniques suited to 
testing this sort of data. 
As mentioned previously, the relationship between a recovered archaeological faunal 
assemblage and the original living population is a hazy one. In order for results to be 
considered reliable, most statistics would require that the test population (the recovered faunal 
assemblage) is a representative sample of the whole population (the complete archaeological 
assemblage, the original death assemblage, or the original living population) (Shennan 1988). 
As we have seen this requirement is unlikely to be met by individual faunal assemblages given 
the unquantifiable taphonomic alterations that occur prior to deposition, during burial, and 
during excavation. Comparative analyses are also hindered by the variation among the 
taphonomic histories of archaeological assemblages from different sites. In addition, the 
variation resulting from differences in treatment of material and data by different analysts 
constitutes a degree of human error that renders the data too crude for use with many statistical 
techniques. 
Small sample size is also a limit to the application of statistical tests as many of the 
assemblages used in this study are too small to be considered statistically viable even though in 
practise it is still possible to observe samples of all sizes fall into visibly cohesive groups, for 
example, Shennan (1988) suggests that a sample of forty aged mandibles is required for each 
mortality curve before their similarities can be assessed using the Kolmogorov-Smimov test. 
Less than 40% of British Iron Age cattle, sheep, and pig mandible samples included in this 
study can provide sufficient quantities of tooth wear data to meet this criteria, which means for 
the majority of faunal samples the use of statistical tests to compare mortality profiles is 
inappropriate. In addition to the problems of sample size, there is the strong possibility that 
many of the visible patterns in the faunal data would not be registered as statistically significant 
as the ranges of similar groups are broad and often overlap with the ranges of samples 
interpreted as belonging to different groups. This is the case with this study of species 
proportions, where the ranges of percentage of a species overlap between samples seen as 
belonging to distinct regional, chronological, or other groups. 
It is difficult to find appropriate methods of statistical analysis that are suited to testing 
the hypotheses generated by comparative studies of archaeological faunal assemblages. 
Multivariate Analysis, used to great effect on plant remains, is of potential use when comparing 
archaeofaunas as it is a statistical technique that is deductive and describes the sample as it 
stands rather than other inductive techniques that assume the archaeological sample is directly 
representative of, and can generate conclusions concerning, the original assemblage (Madsen 
1988). Multivariate techniques allow the consideration of numerous variables in the analysis of 
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an assemblage; however this is of no use in describing and comparing samples i f the 
importance or weight of each variable is not known (ibid.). The extent to which each 
taphonomic factor has transformed the different faunal assemblages and the relative importance 
of each taphonomic variable cannot be quantified which means multivariate analysis is 
unsuited to comparative archaeofaunal studies, even before the problems of the small sample 
sizes of British Iron Age faunal assemblages are taken into account. 
Statistical analysis of data is a valid and useful approach to many aspects of faunal 
archaeology. However, given the small size of many of the samples involved, and the 
problems of unquantifiable variation due to taphonomic alteration, human error, and 
inconsistent methodology, the data available for use in this study is not of sufficient quality for 
the application of statistical techniques to be considered a viable option. Also many trends that 
may be picked out by visual comparison of the data are unlikely to be considered statistically 
significant, although the fact that they form visibly cohesive groups would suggest that the 
majority of observed trends are real. Certain principles of statistical analysis are kept, such as 
acquiring the largest possible dataset in order to achieve repeated observation of a trend, even 
though the available British Iron Age faunal data is not suited to rigorous statistical testing. 
Despite being subjective, visual analysis rather than statistical is the more suitable means of 
comparing the available published faunal data. 
It is believed that the approaches taken in this study will provide reliable comparisons of faunal 
assemblages that will increase understanding of the intra- and inter-regional patterns of animal 
husbandry throughout the Iron Age in Britain. 
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Chapter 4 
The Representation Of Skeletal Elements In Iron Age Faunal 
Assemblages 
The representation o f different parts o f the skeleton in an archaeological faunal assemblage 
invariably deviates f rom that which would be expected i f only complete skeletons were 
recovered. I t may be assumed that all elements o f the skeleton w i l l be present in an animal at 
the moment o f its death, thus any deviation f rom this expected representation o f skeletal 
elements in the recovered archaeological assemblage must be due to post-mortem influences on 
the carcass. A variety o f taphonomic factors may alter the skeletal element representation away 
f r o m the norm; survivability o f the different elements in response to differential transport o f 
parts o f the carcass, pre-depositional destruction (weathering, trampling, carnivore activity, 
human processing), post-depositional destruction (physical and chemical weathering in the 
soil), and biases in retrieval and identification o f different elements. 
The various processes by which the representation o f skeletal elements can be altered 
f r o m their original anatomical proportions have been examined in a number o f studies over the 
past twenty years (e.g. Isaac 1967, Payne 1972, Binford & Bertram 1977, Binford 1978, Brain 
1981, Lyman 1985 & 1993). The main purpose of such studies is to establish the distorting 
effect that individual taphonomic factors w i l l have on the representation o f different skeletal 
elements wi th the aim o f recognising similar patterns in archaeological assemblages. By 
recognising patterns o f skeletal element depletion associated with particular processes it should 
in theory be possible to establish the different taphonomic histories o f faunal assemblages. 
Establishing which taphonomic processes have been acting on an assemblage is o f particular 
importance when making inter-site comparisons, as similarities and differences visible in 
separate archaeological site faunal assemblages may be as much the result o f taphonomic 
influences as the composition o f the original death assemblages. 
The potential of skeletal element representation as a source of archaeological information 
There is great potential for the use o f predictive models o f skeletal element representation 
based on ethnographic and experimental data to explain patterns observed in archaeological 
faunal assemblages. Preservation models based primarily on the survivability o f elements 
according to their bone density, and their resistance to attrition and weathering (e.g. Brain 
1981, Lyman 1984) and transportation models based on the general util i ty o f elements in terms 
o f meat, marrow, and grease content (e.g. Binford 1978) are perhaps the most common themes 
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in archaeological studies o f skeletal element representation. However in addition to differential 
preservation and transportation o f skeletal elements, archaeological faunal studies of skeletal 
element representation have also been used to highlight the effects o f recovery bias (e.g. Payne 
1972), and to recognise different activity areas within a site e.g. butchery, cooking, 
craft/industrial, waste disposal, ritual deposition (Lyman 1994). 
Brain's study o f the effects o f dog gnawing on different skeletal elements is a classic 
example o f the use o f a predictive model o f preservation based on bone densities to explain the 
skeletal element frequencies observed in an archaeological faunal sample. He examined a 
sample o f goat bones f rom the Kuiseb River Hottentot villages in South-west Africa, known to 
have been subject to extensive gnawing by dogs. An analysis o f the structure of the bones 
revealed, "a clear and direct relationship between the specific gravity of the end of a long bone 
and its percentage survival" (Brain 1981:21). The percentage survival (see below for details of 
method) o f different skeletal elements in the Kuiseb River goat sample was then compared with 
that o f the Plio-Pleistocene bovid assemblage from Makapansgat in South Afr ica ( f ig . 6). 
Brain concluded that the similar survival o f skeletal elements seen in both assemblages 
indicated both samples had been subject to similar destructive processes, namely carnivore 
attrition. 
Binford 's (1978) study o f differential transport o f skeletal elements from ki l l sites, like 
Brain's, used both experimental and observed ethnographic data to create a predictive model of 
skeletal element representation. Binford argued that the likelihood o f a bone being removed 
f rom a k i l l site once a carcass had been butchered would be related to the usefulness of that 
bone in terms o f meat, marrow, and grease. The usefulness o f different skeletal elements of 
caribou was calculated by Binford by measuring the amount o f meat, marrow, and grease 
available, and these figures used to construct a "general utility index" (GUI). The tendency for 
certain low uti l i ty elements to be transported along with high utility elements as a result of 
butchery and transportation practices was taken into account in the "modified general utility 
index" ( M G U I ) . Binford used this M G U I to explain the skeletal element representation he 
observed at a number o f Nunamiut base camps, hunting camps, and k i l l sites. These observed 
patterns o f skeletal element representation, and the revised utility indices developed by 
Metcalfe and Jones (1988), have been used as predictive models o f the suite o f elements one 
would expect to f ind at archaeological hunting camps, base camps or k i l l sites. 
The study o f the large mammal bones from Star Carr by Legge and Rowley-Conwy 
(1988) is an example o f how Binford's differential transport models have been used to explain 
the skeletal part representation observed at an archaeological site. A comparison of the skeletal 
element representation in the Star Carr red deer assemblage with the various Nunamiut caribou 
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Figure 6: a) Percentage survival of parts of goat skeletons from the Kuiseb River villages b) Percentage 
survival of parts of bovid skeletons from Makapansgat. (reproduced from Brain 1981) 
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assemblages revealed a strong similarity to the Nunamiut hunting camp ( f ig . 7). Thus Star Carr 
may be interpreted as a hunting camp, the suite o f skeletal elements represented having been 
transported f rom a separate k i l l site, with other elements further removed to the base camp. 
It may be argued that this type o f study is o f limited potential as the identification o f 
separate k i l l sites and hunting camps is o f little use in the study o f faunal assemblages from 
non-hunting based economies, such as the domestic farmsteads o f Iron Age Britain. However 
the principles o f differential element uti l i ty and transport are applicable to the study o f 
archaeological producer/consumer economies. Import and export o f meat products between 
producer and consumer sites would have been most likely to involve high uti l i ty meat joints, 
resulting in recognisable patterns o f skeletal element representation; low occurrence o f high 
uti l i ty elements at producer sites, and high occurrence o f high utility elements at consumer 
sites. The potential o f skeletal element representation for indicating import and export o f meat 
products is limited to instances where meat was transported in the form o f butchered joints; 
where meat was transported on the hoof (live animals) or filleted, the proportions o f different 
skeletal elements in an assemblage would remain unmodified by the import/export process. 
When considering differential transport o f skeletal elements it is important to remember that 
the ut i l i ty o f an element in terms o f meat, grease, and marrow need not be the only factor 
influencing its desirability as an import/export item. Similar principles have been applied to 
the analysis o f crop processing remains on British Iron Age sites (e.g. Jones 1984b, Van der 
Veen 1992). 
The skeletal element representation o f deer in British Iron Age faunal assemblages 
illustrates the point that Binford 's notion of utility is not always the main factor determining 
the desirability o f a body part. Where deer remains are present they often contribute only a 
very small proportion o f the Iron Age faunal assemblage and exhibit a high incidence o f antler 
and a low incidence o f other skeletal elements (Grant 1981). In Binford's M G U I for caribou 
antler is considered a low uti l i ty element, thus one might interpret the high incidence o f antler 
in Iron Age deer assemblages as low util i ty, k i l l site/primary butchery waste with high utility 
elements transported away f rom the site. However, when the cultural importance o f antler as a 
raw material for tool and other artefact manufacture is taken into account it becomes apparent 
that antler is o f high "u t i l i ty" and that the skeletal element representation seen in many Iron 
Age deer assemblages is actually indicative o f the selective transportation o f high utility 
elements on to the settlement. This example illustrates the ambiguous nature o f skeletal 
element representation patterns. The potential information obtainable f rom studies of skeletal 
element representation is limited by the degree o f understanding and recognition of the cultural 
contexts wi thin which such patterns were generated. 
40 
The above example also serves to illustrate the potential o f studying skeletal element 
representation as a means o f identifying industrial and craft activity at an archaeological site. 
The high incidence in an assemblage o f particular elements may well be associated with a 
particular industrial process, for example the clusters o f cattle horn cores from Roman towns 
such as Colchester, Exeter, London and Silchester interpreted as waste from horn working 
(Wilson 1996). 
I t is not just industrial activity which can be recognised from studying the occurrence 
o f different skeletal elements; i f the intra-site variability o f skeletal elements is examined there 
is the potential for recognising characteristic suites o f elements from many different activities. 
The different patterns o f skeletal element representation discussed above, when seen in 
different areas or contexts within a site, may indicate specific areas o f activity. Recognisable 
patterns o f skeletal element representation associated with particular activities can often be 
found on Iron Age, and other, archaeological sites, providing material has not been mixed up 
and redeposited elsewhere. Activities that may be inferred from particular groups o f elements 
include primary butchery areas (represented by elements o f low utility, and those easily 
removed by butchery - similar to a k i l l site assemblage); deposits o f kitchen waste; areas o f 
craft and industrial activity such as horn and antler working; "special" deposits o f complete 
skeletons or particular elements such as skulls. 
In addition to activity areas the differential effects o f other taphonomic processes may 
be recognised. Intra-site variability in the abundance o f elements o f differing density may 
indicate areas o f low carnivore attrition, perhaps inferring enclosed areas where dogs had no 
access such as houses or pens. Alternatively it may be possible to identify areas o f heavy 
trampling, areas o f swif t deposition, or areas o f differing soil conditions and degrees o f 
chemical weathering. Recovery bias can also influence the abundance o f different elements 
wi th in a sample, this may be recognised by a low incidence o f the smaller elements such as 
phalanges and loose teeth (Payne 1972). Recent work by Bob Wilson (1996) has established 
spatial patterns in the intra-site distribution o f faunal assemblages which may largely be 
explained by the effects o f scavenger activity. Wilson recognises a tendency for larger bone 
fragments to be located to the periphery o f Iron Age settlements and smaller fragments to be 
more central to where they were originally dumped. This spatial variability could well be 
visible in skeletal element representation analysis o f different contexts across a site. 
Problems in the study of skeletal element representation 
The previous section has shown that there is a great deal o f potential information to be obtained 
f rom analyses o f skeletal element representation in archaeological faunal assemblages. This is 
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as true for the Iron Age in Britain as for any other period or location. Such analyses are not 
without their limitations however. As explained above, models o f differential transport are not 
immediately applicable to Iron Age assemblages because o f the domestic farming (non-
hunting) economy and the multi-purpose (no single specific activity) nature o f the settlements. 
Interpretation o f different element abundance is also confused by differing cultural concepts o f 
what makes a particular element useful or desirable. 
Intra-site variability can also l imit the extraction o f useful information. In assemblages 
where there is a great deal o f intra-site variability it is important that skeletal element counts 
f rom different areas are examined separately. It is unfortunate that once subdivided into 
context or context type in order to assess intra-site variation, faunal samples are often too small 
to provide useful or significant information. Lumping together samples from different contexts 
to create a numerically viable sample w i l l fa i l to solve the problem as the resulting 
representation o f skeletal elements w i l l be a palimpsest o f different processes, impossible to 
identify separately. 
The problems o f multiple taphonomic processes being represented in the pattern of 
skeletal element representation are not limited to avoidable scenarios such as the lumping o f 
data f rom an internally variable site. Archaeological faunal assemblages w i l l have been 
invariably subject to several taphonomic variables, thus none o f the observed patterns of 
skeletal element representation can be explained in terms o f a single process. Often there is 
one factor that influences the composition o f an assemblage more than the others and it is these 
major influencing factors that may be identified by analysis o f the skeletal element 
representation. Studies o f this sort cannot hope to establish a f u l l history o f the taphonomic 
processes that have been at work, they can merely give an indication o f those factors that have 
had the most marked effect on an assemblage. 
Skeletal element studies are also subject to the problem o f equifmality, whereby 
several different taphonomic processes cause the same pattern o f element representation. This 
is partly the result o f certain taphonomic processes being dependant on the same properties o f 
bone, for example in instances i f both trampling and carnivore attrition the pattern o f element 
survival is a result o f differential bone density. Lyman (1985) has shown that even processes 
dependant on different properties o f bone such as util i ty and density may be confused. Lyman 
established that there was a correlation o f bone density with M G U I , thus element patterns 
previously interpreted as differential transport o f high and low util i ty elements may actually be 
the result o f differential destruction o f low and high density bone. Finally, an observed pattern 
o f element representation that is recognisable as the effect o f a particular process may actually 
be an artefact resulting f rom the combined effect o f several different processes. 
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Skeletal element representation reflects the effects o f taphonomic processes, it does not 
provide definite proof o f which particular factor is responsible for the alteration o f an 
assemblage. Other evidence should be used in conjunction with skeletal element representation 
to support conclusions drawn. For instance a pattern o f skeletal element representation 
exhibiting low incidence o f low bone density elements may be the result o f dog gnawing, but it 
may also be indicative o f other different destructive processes; dog gnawing can only be 
supported as a conclusion wi th the additional evidence o f a high frequency o f characteristic 
gnaw marks on the bones. 
Studies o f skeletal element representation have been used to great effect in determining the 
taphonomic processes shaping particular archaeological faunal assemblages, and are best used 
in conjunction wi th other sources o f evidence. The potential for establishing the taphonomic 
histories o f Iron Age faunal assemblages is limited by problems o f interpretation, sample size, 
intra-site variability, multiple taphonomic processes and equifinality. Despite the problems 
mentioned above, it is believed that a study o f skeletal element representation in different Iron 
Age faunal assemblages has the potential to provide useful information concerning the factors 
influencing assemblage composition. Although a potentially good source o f information, the 
usefulness o f this study w i l l ultimately depend on the availability o f sufficient Iron Age data in 
an appropriate format. 
Methods of analysing skeletal element representation 
Before discussing the various ways in which skeletal element representation has been 
calculated and may be calculated from the data published in reports o f British Iron Age sites it 
would be sensible to outline some o f the methods that can be used on fresh data. The most 
reliable methods use minimum numbers rather than counting total fragments in order to get a 
true picture o f the survival o f each element. Results are most frequently presented in the form 
o f a graph expressing the abundance o f each element as a percentage o f the most frequent 
element to indicate the differential levels o f survival between elements. The advantages and 
limitations o f the different methods are discussed below. Other, less ideal methods are also 
considered because o f their prevalent use in published Iron Age faunal reports. 
Minimum Number of Individuals method 
This is the method developed by Binford (1978). A separate "minimum number" count is 
made for each element using the M N E quantification method described in chapter 5. Binford 
terms these "minimum number" counts for each element "MNI"s . Binford counters the effects 
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o f natural differences in abundance o f skeletal elements by using a correction factor, which 
involves dividing the minimum number recorded for each element by the number o f that 
element in a complete skeleton. Corrections o f this sort ensure the occurrence o f elements in 
an assemblage is comparable not only within a species but also between different species. The 
corrected M N I counts for each element are used to produce a graphical representation o f the 
skeletal element representation. This is done by presenting the M N I for each element as a 
percentage o f the M N I for the most commonly occurring element, and plotting the % M N I on a 
line graph such as figure 7. (NB. In an assemblage consisting only o f complete skeletons the 
% M N I for each element would be 100%). 
Proximal and distal long bones are considered separately as different elements. For 
Binford this allowed consideration o f the different M G U I o f proximal and distal epiphyses o f 
the same bone, but the separate treatment o f proximal and distal elements is o f further use when 
considering any taphonomic process that effects different parts o f the same bone to differing 
degrees. 
There are a number o f variations on Binford's original methodology which may be 
used; slight differences in the counting methods such as the counting o f specific "anatomical 
zones", the use o f different correction factors, presenting the results either graphically or 
numerically, or the use o f a smaller suite o f elements. The main principles o f this technique 
remain unchanged: the use o f corrected M N I counts to avoid the effects o f differential 
fragmentation and natural differences in skeletal abundance o f elements, and a comparison o f 
the occurrence o f the different elements in relation to the most common element. 
Percent Survival method 
This method is that put forward by Brain (1981:19-21). A minimum number count is made of 
all elements taking into account side. The M N I is taken as the highest number counted for 
either a right hand or left hand side element. The number o f each element in a complete 
skeleton is multiplied by the M N I o f the most common element to give a value that is the 
number o f elements that should be present in an unaltered assemblage. The observed number 
o f each element is then expressed as a percentage o f the expected number o f that element, 
giving a " % survival" value. For example: i f the most common element in an assemblage is the 
left mandible, with an M N I o f 25 the expected number o f mandibles in the assemblage would 
be 50 as there are two mandibles in every skeleton, a right and a left. I f the actual observed 
number o f mandibles is 25 right and 20 left, in fact only 45 mandibles were observed out o f an 
expected 50 so the % survival o f mandible in the assemblage is 90%. 
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As with the Minimum Number o f Individuals method, the results are presented as a bar 
graph (see fig. 6). Both Binford and Brain's methods are based on the same principles 
(corrected M N I values compared for each element) and the use o f both methods on the Star 
Carr assemblage shows, "comparable but not identical results" (Legge & Rowley-Conwy 
1988:69). For use with fresh data there is little to choose between the M N I and % survival 
methods, except that Brain's method involves identifying elements to right or left hand side 
which can be unnecessarily time consuming. 
NISP method 
This method is the most common o f those used in British Iron Age faunal studies. In this 
method the NISP (total number o f identified fragments) is counted for each element (see 
chapter 5 for details o f this method o f quantification). The NISP count for each element then 
may or may not be corrected for the natural differences in abundance of separate skeletal 
elements. Also there may be variations in the suite o f elements which different analysts choose 
to record. The counts are often simply listed in a table, but can be expressed as a percentage of 
the NISP o f the most commonly occurring element and presented in a bar or line graph showing 
% occurrence o f each element similar to those presenting % M N I or % survival in Binford's 
and Brain's methodologies. 
As a method o f expressing skeletal element representation this shares many of the 
problems that l imit the reliability o f NISP as a method of species quantification. A high level 
o f fragmentation at a site w i l l increase the NISP count, making NISP counts not comparable 
between sites with different levels o f fragmentation. The inaccuracy of a NISP count is 
furthered by differential fragmentation between species, the bones o f some species being more 
resistant to fragmentation than others. Even more importantly there may be differential 
fragmentation between different elements; larger bones may fragment more than smaller more 
compact elements such as the phalanges and thus cause over representation of the larger 
fragmented bones. Correction for the different numbers o f elements in a complete skeleton in 
this instance would further compound the problem by reducing the phalanges count, increasing 
the disparity between those and the larger more fragmented elements. 
Differences in the level o f fragmentation between elements are likely to mask patterns 
o f element representation that might have been visible using M N I or Percent Survival methods. 
The effects o f fragmentation could be borne in mind when considering the skeletal element 
representation, reducing the likelihood o f misinterpreting the results, however the 
fragmentation bias cannot be reliably corrected for, other than by using an M N I count, so any 
conclusions based on the NISP method w i l l remain vague and unreliable. 
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Treatment of skeletal element representation in Iron Age faunal reports 
Obtaining skeletal element data f rom published British Iron Age faunal reports is diff icul t as 
the necessary information is seldom present. Those reports that do present skeletal element 
data often do so in different formats which makes a comparative study virtually impossible. 
Also, skeletal element data is seldom analysed using the most ideal methods; o f all the reports 
examined only three utilised Binford's M N I method (Cat's Water, Biddick 1984; Meare, 
Backway 1986; Port Seton, Hambleton & Stallibrass forthcoming). A n additional six sites 
provide data that allow the use o f Binford's M N I method, but only considering whole bone 
elements rather than separate proximal and distal long bone epiphyses. Skeletal element 
representation was most frequently expressed using NISP. Some thirty five sites listed NISP 
counts for separate elements, most presented in tables, a few represented graphically using the 
method described above. The limitations o f the Iron Age data is immediately apparent; all the 
aforementioned problems o f the NISP method apply to its use in Iron Age faunal studies. Even 
the use o f more reliable (i.e. M N I ) methods at a number o f sites effectively limits a comparative 
study as M N I data is not comparable to NISP. 
In addition to the prevalent use o f the NISP, rather than other more suitable methods, 
there are a variety o f other problems with much o f the Iron Age skeletal element information 
presented in reports. Collection o f useful information concerning skeletal element 
representation is often prevented by a lack o f detailed information about all the main skeletal 
elements. I f sufficient detail is lacking from the initial recording and identification of bone 
material this w i l l be reflected in the skeletal element analysis where elements not recorded 
cannot be considered. 
Due to problems with identification to species level, ribs and vertebrae are often not 
counted for separate species but are attributed to loose categories such as "cow size" or "sheep 
size". In some instances ribs and vertebrae are not recorded at all . The "rapid method for 
recording information about mammal bones f rom archaeological sites" proposed by Davis 
(1992) has been used for some Iron Age bone assemblages (e.g. Albarella 1997, and Pinter-
Bellows 1996). This technique records a very restricted suite o f elements, it excludes all ribs 
and most vertebrae, and o f the major limb bones only one end (usually distal) is recorded. Such 
omissions l imi t the usefulness o f studying the representation o f those elements that have been 
recorded. For instance, high or low representation o f parts o f the axial skeleton may indicate 
post-mortem influences such as differential transport/butchery. However, i f ribs and vertebrae 
are not recorded then there w i l l be no indication o f this sort o f activity in the skeletal element 
representation. 
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Further information is lost when parts o f the skeleton are not considered in sufficient 
detail in a study o f skeletal element representation, even i f the information was recorded 
ini t ial ly. Whole bones may be considered as single elements even though survivability o f 
different parts o f a bone may differ under the same conditions. This is particularly true o f the 
upper l imb bones where the proximal and distal ends o f the same bone often differ in how they 
resist destructive taphonomic processes, and in how they survive the effects o f processing by 
humans. Very few o f the Iron Age bone reports that consider skeletal element representation 
treat the proximal and distal long bone ends as discrete elements, in fact out o f all the reports 
that use the NISP method only the Danebury (Grant 1984a, 1991) and Mount Batten (Grant 
1988) reports consider the proximal and distal epiphyses separately. 
There are a number o f Iron Age bone reports, in particular those by Wilson for the 
Upper Thames valley sites (see for e.g. Wilson et al 1978), that consider the representation o f 
only broad groups o f elements such as "head", "body", and "foot". While such broad 
categories enable a quick and easy indication of intra-site variability in skeletal element 
representation between contexts (something many o f the other Iron Age reports fa i l to 
examine), they provide very little information about the taphonomic history o f the assemblage. 
Broad body part groupings can generate only coarse indications o f human processing of 
carcasses, and lose all details o f processing methods, the precise parts o f the carcass utilised, 
and any indication o f the effects o f preservation or retrieval bias. 
Thus the skeletal element information available f rom published British Iron Age bone reports is 
severely limited. The most common method o f analysis (NISP) is certainly not the best method 
o f analysis, and frequently the potential use o f such studies is drastically reduced as only part of 
the skeleton is considered. There is no possibility o f establishing or reliably comparing 
detailed taphonomic histories o f the Iron Age sites using the available published data. 
Analysis of the Iron Age data 
I t was hoped that an analysis o f the skeletal element representation would provide a great deal 
o f information concerning the taphonomic processes influencing the composition o f the Iron 
Age faunal assemblages studied. Unfortunately it is apparent that the available taphonomic 
information is severely limited by the poor quality o f the published data. A t its best a 
comparative study o f skeletal element representation can provide a great deal o f useful 
information. A t its worst, as is the case with much o f the available Iron Age data, few or no 
reliable conclusions can be drawn. The skeletal element data available f rom published Iron 
Age reports is o f poor quality and quantity and therefore unsuited to a reliable systematic 
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comparative study; however an attempt was made to establish what use, i f any, could be made 
o f the data in order to improve understanding o f the treatment o f Iron Age domesticates at both 
local and regional level. 
The most reliable studies o f skeletal element representation were those using the M N I method, 
in particular those which included ribs and vertebrae and treated proximal and distal long bone 
epiphyses as separate elements. However, because o f the number o f site reports employing this 
method was so small they proved to be o f little use to a study intending to compare large 
numbers o f Iron Age assemblages. A few more sites provided M N I data but wi th whole bone 
elements, thus l imit ing the taphonomic information obtainable. Again, the number o f sites was 
too small to allow an extensive comparative study. M N I studies giving proximal and distal 
information can be converted to an equivalent whole bone study, this was done for the sites that 
gave proximal and distal M N I data. I t is apparent f rom comparing the two types o f M N I data 
for each site ( f i g . 8) that although the details are lost, the overall pattern o f skeletal element 
representation remains very similar. 
Only six sites provided both M N I and NISP skeletal element counts for sheep and cow, 
and five o f these also provided data for pig. A comparison o f both techniques showed that for 
all three species, use o f the NISP method resulted in roughly similar patterns o f skeletal 
element representation to those generated by the % M N I method ( f ig . 9). While the pattern o f 
skeletal element representation appears similar with regards to the relative abundance o f 
skeletal elements (i.e. which are the most common elements, and which are the least, and 
whether a particular element is more or less abundant than another), it is not always similar in 
terms o f overall abundance (i.e. whether the mean % occurrence or % M N I o f all elements is 
high or low). Figure 10 shows examples o f M N I and NISP analyses of assemblages that 
exhibit similar patterns o f relative skeletal element abundance, but differences in overall 
abundance. 
Overall skeletal element abundance may provide a tentative indication o f the general 
level o f preservation o f an assemblage. Bearing in mind that in an assemblage o f perfectly 
preserved complete skeletons the % occurrence of each element would be 100%, it (perhaps) 
should fo l low that better preserved assemblages should exhibit a higher overall % occurrence 
than a less wel l preserved assemblage. I f this is the case then the Iron Age NISP data may be 
used to provide information that allows a comparison o f the general state o f preservation o f 
different assemblages. I f overall abundance were a true indicator o f preservation then the 
differences in overall abundance between site assemblages should show similar patterns using 
both M N I and NISP methods. Unfortunately this is not the case. In figure 10 the overall 
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Figure 8: Patterns of skeletal element representation in three hon Age cattle assemblages using MNI 
method: a) with separate proximal and distal long bone elements b) with whole bone elements 
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Figure 9: Representation of skeletal elements from different Iron Age cattle, sheep, and pig assemblages: 
a) using MNI method b) using NISP method. 
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Figure 10: Representation of skeletal elements in two Iron Age cattle assemblages illustrating the 
ditferences in overall % occurrence of all elements between a) MNI method, and b) NISP method. 
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abundance o f elements appears greater in the Meare cow assemblage than in the Cat's Water 
cow assemblage when using % M N 1 but the situation is reversed when using NISP data. This 
suggests that the relationship between overall abundance o f elements and preservation is not 
straightforward and that there is no reliable means o f using NISP results to compare the overall 
level o f preservation o f different assemblages. 
I t would seem the potential information available f rom the published Iron Age data is 
extremely limited. The only useful information appears to be the relative abundance o f 
different skeletal elements, and this is only available for a minority Iron Age faunal 
assemblages. A knowledge o f the skeletal elements present and their relative abundance should 
provide some indication o f whether or not whole carcasses were present at the site, giving some 
indication o f differential transport and import/export o f certain parts of the carcass. 
Differential levels o f fragmentation between elements and sites may obscure this information 
where the NISP method is used; however the fact that the NISP and M N I methods showed 
similar patterns o f skeletal element representation suggests that this need not always be the 
case. One by-product o f the use o f NISP data in Iron Age bone studies is that in many cases it 
provides an indication o f which elements were and were not counted in the initial recording o f 
the material, something that many analysts fa i l to mention when presenting NISP counts o f 
species abundance. 
This comparative study o f skeletal element representation has failed to provide any 
significant contribution to the understanding o f Iron Age faunal assemblages f rom around 
Britain, primarily because o f the lack o f comparable data available in the published reports. 
The Iron Age skeletal element data which is available is not in a format that allows predicted 
taphonomic changes to be recognised. However i f trends can be recognised in the skeletal 
element patterns within or between species, it may be possible to attempt to explain them 
retrospectively having examined other aspects o f the site assemblage. 
The available NISP and M N I skeletal element data for each Iron Age faunal assemblage is 
presented in appendix 3. Although any rigorous statistical analysis o f skeletal element 
representation has proved impossible due to lack o f samples and poor quality o f data, it is still 
possible to gain an overall impression o f the general trends f rom a visual inspection o f the Iron 
Age dataset. A brief comparison o f the data failed to observe any trends specific to regions, 
however there were some patterns noticeable both within and between species throughout the 
Iron Age material. I t must be stated that all trends observed are tentative and by no means 
universal throughout every Iron Age assemblage. 
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The fo l lowing trends in skeletal element representation were observed: 
Overall occurrence of elements 
• A l l species (cow, sheep and pig) tend to be represented by elements f rom all parts o f the 
carcass. Where an element is completely absent it would appear mainly to be the result o f 
small sample size. This is particularly noticeable with pigs which tend to have the smallest 
samples and the most absent elements. 
• Cow and sheep exhibit reasonably similar overall element occurrence at each site, while the 
pig bones f rom the same site tend to have a much lower overall occurrence o f elements. 
Relative occurrence of elements 
• Pig: In most assemblages the mandible is the most abundant element, with the other 
elements being substantially less well represented in the assemblage. There is also a 
tendency for upper limb bones to be comparatively more abundant than lower limb bones. 
• Cow: Mandibles tend to be the most common element, but perhaps less regularly than is 
the case for pig. The remaining elements usually have comparatively similar levels o f 
abundance to one another, although there may be a very slight tendency for upper limb 
bones to be better represented than lower limb bones. 
• Sheep: Mandibles are not always the most common element in an assemblage, tibia and 
radius also have very high abundance at many sites. There are often quite extreme 
differences in the relative abundance o f different elements within an assemblage, with 
some elements represented by very high occurrence and others by very low occurrence. 
Differences in the overall skeletal element abundance o f cow, sheep and pig may be a 
manifestation o f the commonly observed phenomenon that the pig post-cranial skeleton seldom 
survives as wel l as the post-cranial skeletons o f other domestic mammals (Peter Rowley-
Conwy pers. comm.). The tendency for pig bones to be less well preserved than those o f other 
domestic species can be explained by the fact that pigs tend to be killed while immature, and 
the unfused juvenile bone has a lower survivability than the harder adult bones, while 
populations o f other species tend to have larger proportions o f adults. This phenomenon does 
seem to hold good for the Iron Age and might go some way to explaining the difference in 
overall skeletal abundance observed between species. 
The patterns o f relative skeletal abundance observed are probably most easily 
explained in terms o f the combined effects o f fragmentation and retrieval bias. The high 
incidence o f mandibles is usually explained as being the result of the robust nature o f this 
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element, which means it is more likely to survive destructive taphonomic processes and thus 
survive in the archaeological record. In a fragmented assemblage, where most single elements 
are represented by several fragments, the robust mandibles often survive intact; despite other 
skeletal elements being represented by more fragments, the mandible may still be the most 
numerous element in a NISP count because the fragments o f other elements often lack 
identifiable features and so remain unrecorded. Added to this is the fact that the characteristics 
o f the mandible (the presence o f teeth, and alveoli) mean that even very small fragments can be 
identified to element and, because o f the distinctive teeth, to species. The consistent abundance 
o f mandibles may be explained by the high survivability o f that element and, in a fragmented 
assemblage, by its easy identification. 
The tendency observed in pigs, and to a lesser extent cows, for upper limb bones to be 
more abundant than lower limb bones may be explained by differential fragmentation and 
retrieval bias. A NISP count w i l l tend to over-emphasise the abundance o f the more 
fragmented elements, and as the larger upper limb bones tend to be more susceptible to 
fragmentation than the lower limb bones which are smaller and more compact, the NISP count 
for upper l imb bones w i l l be greater. In addition to the effects o f fragmentation a retrieval bias 
acting against smaller bones such as phalanges, tarsals and pig metapodials (i.e. the lower limb 
bones) may also account for a lower representation o f the lower limbs. The less noticeable 
differentiation between upper and lower limbs in cow can be explained by the fact that cow 
bones are larger than pig bones and so are less affected by retrieval bias against small elements. 
The slightly different patterns observed in skeletal element representation among sheep 
may also be explained in similar terms. The highly abundant elements such as mandible, tibia 
and radius tend to be very hard and have a high level o f resistance to fragmentation (this is true 
for distal tibia, although not for proximal). Although one might expect there to be a greater 
abundance o f fragmented elements, as seen with pig and cow, the fragmented remains are 
subject to retrieval bias; sheep bones are small, and fragmented sheep bones even smaller. 
Thus the hard unfragmented elements remain intact and o f a size that w i l l be retrieved while 
many identifiable pieces o f the fragmented elements are not recovered in an unsieved 
assemblage. The differences in patterns o f skeletal element representation observed between 
Iron Age cow, sheep and pig assemblages may be explained by the action o f the same 
taphonomic influences. 
As previously mentioned, the observed trends are by no means universal. However, 
some o f the more noticeable oddities observed may be explained by the method o f recording 
elements rather than particular taphonomic processes. The extremely high abundance o f 
phalanges compared to other elements in the Dalton Parlours cow, sheep, and pig assemblages 
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(Bery 1990), for example, is mainly the result o f the analyst grouping together first, second and 
third phalanges together. 
Iron Age skeletal element representation: conclusions and recommendations 
The available Iron Age data concerning skeletal element representation are extremely poor, 
greatly l imit ing the potential retrievable information. The NISP method, though far f rom ideal, 
does have the potential to generate certain information, and a comparison o f the skeletal 
element representation o f Iron Age sites did generate some results upon which were based the 
fo l lowing (tentative) conclusions. 
• There were no absences o f skeletal elements which could not be explained as the result o f 
small sample size, suggesting the presence o f whole carcasses at most sites. There was no 
obvious abundance or absence o f particular body parts to suggest the import or export o f 
joints o f meat at any site; however this does not exclude the possibility o f transport o f 
primary products in other forms between Iron Age sites. 
• The observed patterns o f overall and relative abundance o f skeletal elements differed 
between species suggesting different responses to taphonomic processes between species, 
or different taphonomic processes acting on different species. 
• The observed patterns o f relative skeletal abundance illustrated the effects o f fragmentation 
and retrieval bias. These processes were seen to affect cow, sheep and pig differently. 
These findings may be o f use when comparing NISP counts o f relative species abundance 
in Iron Age faunal assemblages. 
The f u l l potential o f skeletal element representation analysis has yet to be reached in the 
majority o f Iron Age faunal studies. The poor methodology and inconsistent recording o f 
skeletal element representation seen in many Iron Age studies prohibits both the retrieval of 
taphonomic information and reliable comparison o f faunal assemblages. In order to establish 
the taphonomic history o f a faunal assemblage, a detailed and reliable analysis o f skeletal 
element representation is essential. Comparative studies o f Iron Age faunal assemblages 
should take into account the effects o f taphonomy on the composition o f different bone 
assemblages; it is important to determine whether similarities and differences o f faunal 
assemblages are the result o f taphonomy or true differences in husbandry regime and herd 
management. 
Future Iron Age bone reports w i l l need to take more care to examine skeletal element 
representation, using reliable and uniform techniques such as Binford's M N I method. Full 
consideration should be given to intra-site variability, and proximal and distal long bones 
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considered as separate elements. Where possible all the main parts o f the body should be 
considered, including the ribs and vertebrae. The above recommendations should enhance the 
amount o f information retrieved about the taphonomic history o f any Iron Age faunal 
assemblage, and serve to further our understanding o f the comparability of different 
assemblages. Recognition o f taphonomic processes altering the composition o f an assemblage, 
such as retrieval bias reducing the numbers o f smaller elements, or canine attrition depleting 
numbers o f elements o f low bone density, may help explain differences in species proportions, 
and age profiles wi thin and between faunal assemblages. 
In addition to natural processes, differences in the effects o f human activity such as 
butchery, importing and exporting o f carcasses, and ritual deposition may also be identified 
within and between different species and sites, providing insights into the treatment o f animal 
carcasses by humans and the role o f different animals in the Iron Age economy. This would be 
o f great importance to both individual site studies and inter-site comparisons . The use o f a 
reliable method o f studying skeletal element representation data w i l l allow the optimum 
information to be retrieved, while the consistent use o f a single reliable method for all Iron Age 
sites w i l l facilitate reliable and valid comparison o f that information. 
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Chapter 5 
Quantification Of Faunal Remains 
In order to analyse and compare faunal assemblages it is essential to find ways of summarising 
and describing the composition o f the skeletal material. Quantification o f the bones and the 
different species present, either by straightforward counting or by more complex methods, is 
the most common way o f describing an assemblage. Quantification o f a faunal assemblage 
may involve the entire assemblage or more restricted sub-samples, such as a random sample of 
the overall assemblage, the remains f rom particular contexts or periods, or only those bones 
which are identifiable to species. This chapter aims to highlight some of the uses of 
quantifying faunal remains, and to describe a number o f the more common methods of 
quantification o f faunal remains identifiable to species while discussing their potential for 
application in comparative archaeozoological studies. In addition to the theoretical advantages 
and disadvantages o f these methods, the practicalities (availability, comparability and sample 
size) o f utilising them for a comparative study o f the British Iron Age faunal material wi l l be 
considered. 
Uses of quantified faunal data 
There is a number o f possible uses for quantified archaeofaunal data. Whatever the method 
used, the main purpose o f quantifying faunal remains is to establish the relative proportions of 
the different species present in an archaeological assemblage in order to extrapolate their 
relative importance within the original animal economy. The relative proportions of species 
obtained f rom the quantification o f identifiable remains cannot provide a direct indication of 
the contribution o f different species to the economy. However once the initial quantification of 
different species has been done this information may be used to provide a more "real" 
estimation o f a species' economic importance. For example, sheep and cow may represent 
equal proportions o f an archaeological assemblage but by taking into account the difference in 
size and therefore "meat weight" o f these species it becomes apparent that the larger cows 
potentially contributed much more meat to the economy. 
Meat weight calculations are a useful tool when attempting to estimate the potential 
economic contribution o f different species, but it must be remembered that they are just that: a 
potential contribution, and that the actual contribution o f a species may be influenced by any 
number o f factors other than just meat weight. I t cannot be assumed that all animals provided a 
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meat contribution to the economy or that it was the main or sole contribution; contributions to 
the economy in the form o f secondary products such as milk, wool, and traction should not be 
ignored. Also, there is the possibility that social influences such as food taboos may have 
prohibited meat contribution f rom certain species or body parts, or that the prestige associated 
wi th the ownership o f a certain animal, and therefore its worth, may not have been related to its 
potential meat contribution. Any attempts to determine the nature o f animal economies f rom 
archaeofaunal data w i l l be severely limited i f the economic potential o f a species is measured 
only by its capacity to provide meat. 
Methods of quantification 
The units o f quantification most commonly used in analyses o f Iron Age faunal assemblages 
are the NISP (Number o f Identified Specimens), and the M N I (Minimum Number o f 
Individuals). A few more recent Iron Age faunal studies (Albarella 1997, Hambleton & 
Stallibrass forthcoming, Rackham forthcoming) have also used M N E (Minimum Number o f 
Elements) counts. A l l three methods have been defined and discussed in detail previously in 
the faunal literature (e.g. Grayson 1984, Klein & Cruz-Uribe 1984, Lyman 1994), in particular 
Lyman ( ibid. 100-104) gives a comprehensive, detailed definition o f NISP, M N I and M N E . 
Given the presence o f general discussions o f NISP, M N I , and M N E elsewhere, this volume w i l l 
l imi t definitions and discussions to aspects o f relevance to the theoretical and practical 
application o f these methods o f quantification to comparative studies o f British Iron Age faunal 
assemblages. Although this discussion is primarily concerned with the methods o f 
quantification applied to Iron Age assemblages it should be stressed that none o f the techniques 
mentioned are period specific and, moreover, neither are the problems associated with their 
application. 
NISP 
The NISP is "the number o f identified specimens per taxon" (Lyman 1994: 100). In the 
majori ty o f Iron Age studies the taxon is species, and a specimen is considered identified i f it is 
possible to tell which skeletal element it is part o f and what species it belongs to. A specimen 
is a complete skeletal element or any fragment o f a skeletal element. An element is a single 
complete defined anatomical unit, usually a whole bone or tooth (e.g. mandible, astragalus, 
maxillary M 3 ) but occasionally a partial bone (e.g. proximal humerus, distal tibia). Thus a 
NISP count records the number o f specimens that are o f known skeletal element and o f known 
species, be they complete bones or minute fragments. 
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This method may be seen used in faunal reports in various guises; "Number o f 
Identified Fragments", "Total Identified Fragments", "Bone Number", "Total Fragments 
C o u n f . Provided a definition similar to the one above is given in the report, the quantification 
method can be considered to be NISP regardless o f any other name the analyst may have 
chosen. It is important however, to clarify the precise method o f quantification used as "Bone 
Number" and "Total Fragments Count" are ambiguous phrases and could refer to a quantitative 
technique completely different to NISP, perhaps one that includes unidentified specimens. 
The NISP method is probably the simplest o f those discussed and requires only a count 
o f the NISP for each species, which may then be expressed as a percentage o f the total NISP in 
order to establish the relative proportions o f different species within an assemblage. Despite its 
simplicity, this method has several disadvantages; although it records the composition of the 
assemblage it is unlikely to provide a reliable indication o f the relative proportions of the 
different species. Firstly, different species may have different numbers o f bones in their 
skeletons, so a NISP count may over-represent species with more bones. For example, pigs 
have more bones in their feet than sheep so there is a possibility that pigs, by having more 
skeletal elements and therefore a higher potential NISP, w i l l be over-represented compared 
wi th sheep in an actual NISP count. Secondly, species which are more prone to fragmentation 
w i l l be over-represented as a single element that is fragmented into many identifiable pieces 
w i l l contribute more to a NISP count than the same unfragmented element. Finally, differential 
degrees o f fragmentation do not only affect the reliability o f NISP counts o f different species at 
an intra-site level. When attempting inter-site comparisons o f faunal assemblages NISP counts 
are o f limited value as the degree o f fragmentation or preservation would have to be identical at 
the different sites fo r there to be any realistic comparison o f relative frequency of species. 
Wi th particular reference to Iron Age comparative studies there is a further problem 
with using NISP counts. Despite the widespread adoption o f NISP counts as a method o f 
quantification throughout Iron Age faunal studies, it is apparent upon closer inspection that not 
all published NISP counts are produced using identical methodologies, a fact which limits their 
inter-site comparability. In many reports the exact methods used to produce NISP counts are 
not given at al l . As well as the minimal differences in the number o f specimens that different 
analysts are able to identify, there are more noticeable differences in the number o f specimens 
that different analysts choose to identify. For instance, rapid methods o f recording such as that 
o f Davis (1992) which only identify a restricted suite o f elements w i l l result in lower NISPs 
than would be generated i f there were a more thorough attempt to identify all remains. 
The problems o f inter-site comparability of NISPs resulting from variation in the levels 
o f fragmentation, or identification may be partially solved by the use o f percentage frequencies 
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rather than absolute frequencies o f NISP. Provided the fragmentation or identification levels 
vary only between sites and not within sites between species, variations in absolute NISP are 
unimportant and the %NISP frequencies w i l l be comparable. Unfortunately intra-site variation 
in fragmentation between species remains a problem, although different levels o f identification 
between species are unlikely to occur intentionally, and any unintentional identification bias 
would be minimal. 
The NISP method, along with most other quantification methods, also falls down in the 
presence o f complete or partial articulated skeletons. With most mammal skeletons containing 
wel l over two hundred bones, the presence o f as few as one or two complete burials can raise 
the NISP o f a species quite dramatically, especially i f the overall sample size is relatively 
small. The presence o f complete, or virtually complete, skeletons can result in gross over 
representation o f species which would otherwise comprise only a very small proportion o f the 
fragmented, disarticulated sample. This is a particular problem for British Iron Age faunal 
assemblages where "special deposits" o f whole or part articulated burials are common and 
recurring phenomena. The convention followed by most analysts for dealing with NISP counts 
involving complete or partial skeletons is to treat articulated bone groups as a single specimen. 
Provided this method is used consistently then there is no further reduction in inter- or intra-site 
comparability o f NISP counts. The NISP counts included in this study fo l low this convention 
wherever possible, although where a report fails to acknowledge the presence o f articulated 
remains it is impossible to know i f the convention has been followed, or i f all the articulated 
bones have been included in the NISP count or simply excluded altogether. 
MNI 
The M N I is the Min imum Number o f Individual animals that can account for all the elements 
represented in an assemblage. As with NISP an element is a pre-defined anatomical unit that 
may be a complete or partial bone or tooth. In the case o f Iron Age studies most MNIs are 
calculated using whole bone elements. Unlike the NISP count not all identified specimens are 
counted, only those which represent a non-repeatable element, i.e. only those fragments that 
cannot possibly have come f rom the same bone. 
The M N I is taken as the number of the most abundant element, once the natural 
skeletal abundance has been accounted for; thus in the case o f sheep there are four times as 
many phalanges as there are each long bone so the minimum number o f phalanges counted 
must be divided by four before it can be considered the minimum number o f individuals 
represented by the phalanges. The majority o f M N I counts take into account the side o f each 
element represented and count right and left hand side elements separately so that an individual 
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cannot be counted twice. Some analysts consider it unlikely that both right and left hand 
elements o f an individual w i l l be recovered in a disarticulated archaeological faunal sample so 
do not distinguish between left and right elements, but simply divide the number of each 
element by two in order to keep the M N I at a similar order of magnitude to those MNIs that are 
side specific. Other variations on the M N I method take into account age, sex, size or on-site 
location o f an element to determine whether or not fragments specimens could represent the 
same individual. 
A l l these variations in methodology have no differential effect on the different species 
counted so providing % M N I frequency and not absolute M N I frequency is used, inter-site 
comparability o f relative species proportions should be possible. The complexity of the 
methodology allows a number o f possible variations in the way M N I is calculated. This 
methodological variation does mean that often the M N I figures from one site are not derived in 
the same way as the M N I figures f rom a different site. A l l indications are that the 
methodological variations have very little effect on the comparability of M N I from different 
sites, however it is still important to remember that one is not always comparing like with like. 
Given the number o f different analysts producing Iron Age bone reports in Britain there is a 
capacity for many variations in M N I methodology, something that must be borne in mind in a 
comparative study. 
M N I has some advantages over NISP for the purposes o f comparative studies. The 
correction for the natural skeletal abundance o f an element prevents the over representation o f 
species that have greater numbers o f bones in their skeleton. The problems o f different levels 
o f fragmentation between species and between sites are substantially reduced as with an M N I 
count no matter how fragmented an element is it should only be counted once. Despite these 
advantages M N I can still be very unreliable in providing a reasonable indication of the relative 
frequency o f different species as it tends to over emphasise the importance of the less abundant 
species in an assemblage (Casteel 1977). Over stressing of the importance o f the rarer species 
is a problem that increases with decreased sample size, this is a very real problem in Iron Age 
faunal studies where sample sizes are often small. 
MNE 
The M N E is the Minimum Number o f Elements that can account for all the identified 
specimens in an assemblage. Identified specimens are as defined for NISP (see above), and 
elements are as defined for NISP and M N I . In M N E counts elements are usually a combination 
o f complete and partial bones, usually long bones are partial with proximal and distal ends 
considered as separate elements. The M N E is determined for each bone in a similar way to 
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M N I ; only those specimens that are a non-repeatable part o f an element are counted, and the 
count for each element is corrected to take into account the natural skeletal abundance of that 
element. As wi th M N I there are the possibilities o f taking into account side, age, sex, and size, 
and these provide the main areas o f methodological variation. The minimum number of each 
element is summed with the other element counts to produce a total MNE. This method of 
quantification is also referred to as a Minimum Animal Units ( M A U ) count (e.g. Binford & 
Bertram 1977). 
M N E counts are most commonly used to examine the representation of different 
skeletal elements, an important aspect o f determining the effects o f taphonomic biases acting on 
an assemblage (this is discussed in chapter 4 above). In addition to this, M N E counts have a 
number o f advantages o f direct relevance to comparative quantitative analyses o f species 
proportions. The M N E method counteracts many o f the problems of the NISP and M N I counts. 
The M N E count overcomes the problems o f both differential fragmentation and differences in 
skeletal element abundance between species, and by including more of the faunal remains in the 
count M N E is much less likely to over estimate the importance o f the rarer species. As with 
M N I there is the risk that variable methodologies may produce results that are not perfectly 
comparable, but for the most part M N E appears to be both a useful and reliable unit of 
quantification for use in comparative studies o f Iron Age faunal assemblages. 
Theoretically M N E would appear to be the best choice o f quantitative unit by which to compare 
the relative abundance o f different species in British Iron Age faunal assemblages. 
Unfortunately in practice M N E is the least useful method of quantification for this study. The 
use o f M N E is severely limited by the lack o f available published data in an appropriate format. 
Preparation o f an M N E count for those sites that do not provide appropriate published data 
would involve returning to the original bone catalogue, and in many cases the original raw 
material, to undertake fresh M N E counts. This course o f action was not possible within the 
scope o f this research project, so the availability of published NISP and M N I data may over 
ride the theoretical advantages o f M N E data. 
Availability of NISP, M N I and M N E data 
Comparing the number o f Iron Age faunal samples that provided M N E data with those that 
provide M N I and NISP data it is immediately apparent that the scope o f a comparative study 
using M N E data would be severely limited in terms o f the number o f sites that could be 
included ( f ig . 11. N B for instructions on reading tripolar graphs see appendix 5). NISP is the 
most frequently used form o f quantitative data and is available for 184 British Iron Age faunal 
samples. M N I data is available for 99 faunal samples. However, M N E 
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Figure 11: Relative percentages of the three main domesticates from British Iron Age faunal assemblages 
using a) NISP b) MNI c) MNE. 
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could be calculated for only 13 samples. Despite theoretical advantages, the use o f M N E is 
severely limited by the lack o f available data in an appropriate format. In practise, given the 
wealth o f available data, the best quantitative unit to use in a comparative study o f British Iron 
Age faunal assemblages is NISP. 
Comparability of NISP, M N I and M N E data 
In order to maximise the number o f samples that may be compared in a study o f relative 
species proportions it would be desirable i f the different methods o f quantification produced 
compatible and comparable results. Thus samples that provide data in one format might be 
directly compared with samples that are quantified using a different method. A comparison o f 
the relative proportions o f the three main domesticates in twelve faunal samples using NISP, 
M N I and M N E data ( f ig . 12) reveals that the results o f these three methods are not directly 
comparable. The species proportions generated by NISP and M N E are the most alike, and 
although not interchangeable it is likely that the results o f comparative studies using NISP or 
M N E would be similar. The M N I results show a similar degree o f diversity to the NISP and 
M N E methods, however the relative species proportions themselves appear noticeably different 
and tend toward higher incidences o f sheep, and to a lesser extent pig. This would suggest that 
the results o f a comparative study o f Iron Age remains using M N I data would differ noticeably 
f rom a similar study using NISP. 
100 . 0 
O NISP 
-f- MNI 
MNE cow 
100 
% 
S H E E P 
Figure 12: Relative percentages of the three main domesticates from several assemblages using three 
different methods of quantification for each faunal sample. 
It is possible that NISP counts favour cow, and other large species, which would 
account for the discrepancies between the NISP and M N I species proportions seen in the 
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triangular diagrams ( f ig . 11a & b). The bones from larger species w i l l break into fragments 
which w i l l tend to be large enough to be easily visible and therefore recovered during 
archaeological excavation, whereas the bones f rom smaller species when fragmented may be 
too small to be noticed and therefore not recovered. This would result in a higher proportion o f 
fragments f rom a single bone being recovered for larger species, thus raising the NISP count. 
In an M N I count where a bone is only counted once, regardless o f the number o f fragments into 
which it has been broken, there is less likelihood o f the larger species being over-represented, 
so the relative proportions o f the smaller species appear greater than in the NISP count for the 
same sample. 
Although NISP and M N I give different species abundance for the same faunal sample, 
the two sets o f results are not completely unrelated. That there is a relationship between M N I 
and NISP is apparent f rom the triangular diagrams in fig. 11; the majority o f M N I results come 
f rom the same samples as the NISP results, and despite differences in actual species 
percentages the M N I and NISP results exhibit remarkably similar patterns o f spread, grouping, 
and outlying. NISP and M N I results are not compatible, but i f the relationship between the two 
quantitative units can be established it may be possible to directly compare them. In his 
comparative survey o f bone assemblages f rom Roman sites in Britain, King (1978) 
demonstrates the relationship between NISP and M N I by plotting the two against each other on 
a logarithmic scale and determining the regression line and the correlation coefficient ( f ig . 13). 
King 's analysis demonstrates a "quasi-linear characteristic" (ibid: 208) in the relationship 
between M N I and NISP. 
The relationship between NISP and M N I would appear to be a cross-cultural and cross-
regional phenomenon, which King suggests is associated with sample size. King's study 
includes a number o f prehistoric European samples that conform to the pattern of his Romano-
British samples, and it is also mentioned that the results match the pattern seen in Ducos' 
(1968) study o f Palestinian bones. Applying King's method to British Iron Age faunal samples 
produces similar patterns ( f ig . 14), and illustrates that the NISP/MNI relationship also holds 
true for the dataset used in this study. The linear pattern cannot be used as a predictive tool to 
determine M N I f rom NISP or vice versa. However any patterns o f spread, grouping, or 
outlying values observed in a comparative study o f relative species proportions using one 
quantitative method (NISP), i f not an artefact of that method, should also be observable in a 
study using the other method ( M N I ) . Thus having established that there is a relationship 
between the two quantitative units the results o f one method may be used as a control for the 
other. 
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Figure 13: Relationship between NISP (BN) and MNI (MN) on a logarithmic scale for Romano-British 
and prehistoric European faunal samples, (reproduced from King 1978) 
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Figure 14: Relationship between NISP and MNI on a logarithmic scale for a) Cow b) Sheep and c) Pis 
from British Iron Age faunal samples. 
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Sample size 
Many of the published British Iron Age faunal assemblages examined while undertaking this 
research were of very small sample size. Total cow, sheep and pig NISP from assemblages 
ranged from less than 50 (e.g. Norbury Hillfort, Levitan 1983) to approximately 100,000 
(Danebury, Grant 1991). It is a well known and accepted fact that small sample sizes provide 
unreliable results that may bias a study, and the simplest way to deal with this problem is to 
exclude small samples. The problem that then arises is determining what size sample can be 
considered reliable, and what is the cut-off point below which samples have to be discounted as 
being too small. Figures 15a and 16a contain the NISP and MNI data respectively for all 
available Iron Age faunal samples. In both triangular diagrams, the NISP one in particular, 
there are a number of outlying points with proportions of sheep, cow or pig higher than in the 
majority of samples; these may indicate specialised husbandry regimes, but could equally be 
the result of small biased samples. It is therefore important to eliminate unreliably small 
samples from the study in order that true outliers can be recognised. 
The results of King's analysis of the relationship between MNI and NISP in his 
comparative study of Romano-British faunal assemblages can be used to help determine what 
may be considered a reliable sample size for a comparative study of species proportions using 
NISP or MNI. It can be seen in figure 13 that the relationship between MNI and NISP breaks 
down below a certain sample size for each species, suggesting that below that sample size 
quantification wil l cease to be reliable. For the three main domestic species (cow, sheep, and 
pig) included in King's study it appears that above sample sizes of 100 for NISP and 10 for 
M N I faunal samples conform to the NISP/MNI relationship apparent in the graph. This would 
seem to indicate that for a comparative study of the relative proportions of cattle sheep and pig 
a reliable sample size would be NISP>300 or MNI>30 for all three species (average sample 
size for each species of NISP>100 and MNI>10). 
The results of excluding all samples below 300 NISP or 30 MNI are shown in figures 
15b and 16b respectively. The exclusion of small samples appears to have eliminated the 
majority of outliers with high proportions of sheep or cow, especially for NISP, which would 
suggest that excluding samples below 300 NISP or 30 MNI successfully removes many of the 
problems of small sample bias. Some of the outlying samples with high proportions of pig still 
remain; this may be because they are genuine outliers or because the cut-off point for what is a 
reliable sample size is still too low. Total NISP>300 or MNI>30 may be an under estimation of 
reliable sample size. This is because, although on average the NISP/MNI is greater than 100/10 
for each species, in actual fact the three species are not equally represented; therefore in a 
NISP/MNI sample of 300/30 at least one species will have a sample size of substantially less 
68 
100 . 0 
cow 50 
a) All NISP values SHEEP 
100 . 0 
% 
cow 50 PIG 
100 
b) NISP>300 SHEEP 
100 . 0 
cow 50 
c) NISP>500 SHEEP 
Figure 15: Relative percentages of the three main domesticates in Iron Age samples with a) ail NISP 
values b)NISP>300 c)NISP>500. 
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Figure 16: Relative percentages of the three main domesticates in Iron Age samples with a) all MNI 
values b)MNI>30 c) MNI>50. 
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than 100/10. A total NISP or MNI sample size of 500 or 50 respectively should solve this 
problem, bringing the sample size of the least well represented species up to around NISP>100 
orMNI>10. 
The results of excluding all samples below 500 NISP or 50 MNI are shown in figures 
15c and 16c; almost no further outliers are excluded than is the case with a NISP/MNI cut-off 
point of 300/30. This would imply that the worst of small sample bias is removed by excluding 
samples of total cow, sheep and pig NISP<300 or MNK30 and that a higher cut-off point of 
NISP=500 or MNI=50, while not significantly reducing the chance of small sample bias, would 
reduce drastically the number of samples available for comparative study. 
While in theory a comparative study of relative species abundance in Iron Age faunal 
assemblages would ideally use MNE as the unit of quantification, in reality the availability of 
appropriate data make NISP and MNI the best methods to use. The situation is similar when 
deciding which samples to include in the study on the basis of size; there has to be a trade off 
between excluding small samples and maintaining a large comparative dataset. In practice the 
optimum sample size for a comparative study of species proportions in British Iron Age faunal 
assemblages would appear to be a total NISP for cow, sheep, and pig, greater than 300 or an 
M N I greater than 30. 
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Chapter 6 
Species Proportions In Iron Age Faunal Assemblages 
Introduction 
A comparative study of relative proportions of cow, sheep, and pig in Iron Age faunal samples 
was undertaken. Any observable groupings, outliers, or general trends in the species proportions 
were noted and the results examined for relationships between relative proportions of cow, sheep 
and pig and the region, geology, topographical location, site type, and date of the samples. Only 
those Iron Age samples with the total NISP for cow, sheep and pig greater than 300, and MNI 
greater than 30 were used in this study. This resulted in 125 samples with NISP data available for 
comparison, and 71 samples with MNI data. Details of the methods used, and the results and 
interpretation are given below. 
Methods 
The NISP and M M were calculated or taken directly from published reports for as many Iron Age 
faunal samples as possible. For those samples exceeding the minimum size (NISP>300 or 
MNI>30) the NISP or MNI of each of the three main domesticates (cow, sheep and pig) were 
expressed as a percentage and plotted on tripolar graphs. The tripolar graphs were used to enable 
a visual assessment of the results and recognition of groups and trends in the data. Initially the 
whole dataset was plotted and observations made concerning the general spread and any particular 
clustering of samples. The dataset was then examined for any observable relationship between 
species proportions and a number of different factors (region, geology, topographical location, site 
type, and date). Plotted samples were labelled according to the characteristic under examination 
and the results noted. 
Having carried out NISP and MNI analyses of all samples the dataset was then 
subdivided into regional groups in order to examine in more detail the relationship between the 
aforementioned criteria and the relative proportions of cow sheep and pig. The analysis of the 
regional groups used only NISP data as there were insufficient numbers of samples with MNI data 
in many of the regional groups to allow viable comparisons. Details of the characteristics 
examined for a relationship with species proportions are given below. 
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Region 
A relationship between region and species proportions in faunal samples may occur for a number 
of reasons. Specific husbandry regimes may be reflected in the species proportions; thus any 
regional trends in farming and subsistence practices may show up in an analysis of species 
proportions. The adoption of a particular husbandry regime in a particular region may be due to 
the local climate or habitat being suited to a particular strategy, or it may be the cultural choice of 
a society that is regionally grouped for some other reason. Similarities and differences in species 
proportions may not always be an indication of different husbandry regimes; often different 
conditions of preservation may significantly effect the representation of different species in a 
recovered archaeological sample. 
Regional analysis of species proportions is a useful tool for recognising trends and groups 
among faunal samples. However, in order to provide an explanation for any observed trends, 
other characteristics of sites and faunal samples should be considered. Each site that produced a 
faunal assemblage utilised in this study was assigned to a region, and the samples labelled 
accordingly on the tripolar graphs. The regional grouping of samples, even i f failing to exhibit 
any definite trends, still provide a basis by which the dataset may be subdivided in order to 
examine the samples in more detail. The regions used are those described in Chapter 3. The 
number of samples from each region is given in Table 1. 
Table 1. Number of faunal samples within each region with NISP>300 or MNI>30. 
Region Number of samples Number of samples 
(NISP) (MNI) 
Wessex and Central Southern England n = = 55 n = = 18 
Upper Thames Valley and surrounds n = -- 12 n = --10 
Eastern England and East Anglia n = --18 n = -- 14 
Western England and Wales n = = 11 n = = 8 
Midlands n = = 13 n = = 13 
Northern England and Southem Scotland n = = 16 n = = 8 
It is unlikely that any useful results will be obtained from those regions that contain only a small 
number of samples as even i f all exhibited similar species proportions there may be too few to 
constitute a definite trend. Also regions that cover large or varied geographical areas have the 
potential to include several disparate intra-regional groups which, unless the number of samples is 
large enough, may just appear as a scatter of dissimilar samples. Despite these limitations there 
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are sufficient numbers of samples in most regions to reliably determine both regional and intra-
regional trends. 
Geology 
Underlying geology and soil type may be related to species proportions either by influencing 
husbandry strategy or by affecting the preservation of faunal material from different species. 
Underlying geology and soil type is most likely to influence choice of animal husbandry strategy 
as a knock-on effect of its influence in the choice of arable strategy. Although there is a tendency 
in archaeological studies to consider the arable and pastoral aspects of an economy separately, in 
order to work efficiently they are usually closely linked. Thus where geology and soil type effects 
the arable strategy it may also influence animal husbandry regimes. The nature and extent of the 
arable economy in the Iron Age would have been very closely linked to the need for different 
animal products such as manure and traction, as well as the amount of meat in the diet, and this 
would influence the proportions of different species husbanded. 
Geology and soil type are closely linked to the amount of chemical weathering to which 
an archaeological faunal assemblage is subjected. The differential levels of survivability between 
species mean that where preservation conditions are poor there may be under representation of 
those species with lower survivability. Thus geology and soil type may be related to species 
proportions both directly, through their effects on preservation conditions, and indirectly, through 
their influence on arable strategy. 
Where possible, the categories used in this study refer to the underlying geology at the 
site where the samples were recovered. Information concerning underlying geology was more 
frequently available from the published site reports than details of soil type. For this reason it was 
decided to analyse species proportions according to underlying geology rather than soil type, 
although in some cases soil type was the only information available and has been used as a 
category. Soil type may have more of a direct influence on the localised preservation 
environment of faunal material and as a result the relative species proportions in an assemblage, 
however such detail is only of real use in a study of intra-site variation. For a broader inter-site 
comparison underlying geology is probably more appropriate as i f is more often uniform across 
the site, and therefore uniform throughout the sample. Also the underlying geology usually 
constitutes the parent material of any overlying soil types so this study still allows some 
consideration of the soil conditions. 
The categories used are; Alluvium, Boulder Clay, Chalk, Gravel, Limestone, and Peat. 
For the intra-regional analysis two other categories are included; Unknown (where the 
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information is not supplied in the report), and Other (includes samples that are the sole example 
of a particular geological type, or samples from areas with a mixture of geological and soil types). 
Topographical location 
Species proportions may be related to topographical location in terms of height as certain species 
are more suited to hill or valley environments and because of this the height of a site may well 
influence husbandry strategy. Cattle require good quality pasture and ready access to water and 
this makes them well suited to low lying valley areas and much less well suited to higher arid 
hillside areas. Sheep on the other hand can cope very well on poorer quality pasture, and 
susceptibility to foot-rot and liver-fluke means they are more suited to higher, well drained land 
than lower lying damp valley areas. 
Grant's (1984b) comparison of some of the Wessex and Upper Thames Valley faunal 
assemblages revealed a relationship between the species proportions and the height of the site 
from which the assemblage was recovered. Those sites situated over 76m Ordnance Datum 
exhibited higher percentages of sheep, whereas those below 76m OD exhibited higher 
percentages of cattle suggesting a relationship between topographical location and species 
proportions. No definite conclusions could be drawn from Grant's study, however, as the lowland 
sites (<76m) were mainly situated on the Upper Thames Valley gravels, and the highland sites 
were mainly situated on the Wessex chalk downs. The differences in species proportions could 
therefore be related as much to regional/social grouping of sites, or underlying geology, as to 
topographical location. 
By including a large number of samples from elsewhere in Britain as well as Wessex and 
the Upper Thames Valley this study will be able to clarify the results of Grant's study and 
determine whether there is a relationship between height and species proportions, or whether the 
results she observed are due to a different relationship. This study examines variation in height in 
more detail than Grant's by using more categories than just above or below 76m Ordnance 
Datum. The categories used are; 0-25m OD, 26-75m OD, 76-150m OD, 151-225m OD, and 
225+m OD. Most reports provide only an approximate height, however in order to assign 
samples into categories these heights were treated as absolute. Where a range of height was given 
for a site that fell into more than one of the above categories the central value was taken as the 
absolute height and assigned to the appropriate category. Also included is the "Unknown" 
category where height is not given in the site report. 
75 
Site type 
It is important to consider the nature of the site from which faunal samples are recovered as it is 
possible that the type of site may have some bearing on its function, and i f that function is 
associated with animal husbandry there may be a relationship between the site type and the 
relative proportions of different species. An example of this might be the so called "Banjo" 
enclosures which have been suggested as having a function associated with stock keeping and as 
such may exhibit different species proportions than are seen in hillforts which have been 
suggested, depending on the author, as having functions associated with storage, craft production, 
military defence, temporary refuge, elite residence, and redistribution, to name but a few! To be 
related to proportions of species the site type need not be directly, flinctionally associated with 
animal husbandry strategy. It is possible that particular types of site have specific social/cultural 
associations and that a social/cultural link with particular husbandry strategies may result in a 
visible relationship between site type and species proportions. It is also possible that the 
prevalence of different types of feature, such as pits and ditches, on particular types of sites may 
influence the species proportions as different feature types often exhibit different species 
proportions either as a result of different preservation environments, or the effects of human 
activity. 
The categories of site used in this study are; Hillfort, Banjo, Enclosed Settlement, and 
Open Settlement. The intra-regional analysis also includes sites categorised as "Other", this 
includes sites which are of unknown type or are ill defined in the site report (as a result this 
category may include some non-settlement sites) also included in this category are samples that 
encompass more than one phase of different settlement type. 
Date 
Relationships between species proportions and date should be tested for as they may be indicative 
of changing husbandry strategies. Changes in animal husbandry strategy, and therefore relative 
species proportions, over time may be related to changes in climate/environmental conditions or 
social/cultural developments. There are two particular hypotheses that may be tested by a study 
of changes in relative proportions of different species in Iron Age faunal samples through time. 
Firstly, the notion of Late Iron Age agricultural intensification will be examined. This 
could be revealed by differences in species proportions between the Middle and Late Iron Age 
samples, perhaps with some LIA samples exhibiting a particularly high proportion of one species 
suggesting a move to a more specialised animal economy. Needless to say there are many other 
aspects of agricultural intensification that would be unlikely to be recognisable by a change in 
species proportions, however it is still something that should be considered when examining 
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chronological patterns in species proportions. The second hypothesis that may be testable by 
studying species proportions is that of Late Iron Age "Romanisation". Romanisation, adoption of 
certain aspects of Roman culture, may take the form of changes in preferred diet and agricultural 
strategy and such changes are likely to show up as changes in species proportions, particularly an 
increase in the importance of cow and pig. 
Ideally samples would be dated precisely and accurately assigned to Early, Middle, or 
Late Iron Age date; however many samples cannot be accurately dated, or span more than one 
period. The categories used in this study are as follows; EIA, MIA, LIA, LIA-ERB, and general 
lA. Where the date range of a sample spans more than one period (e.g. EIA-MIA) the sample is 
included in the later date category unless it is known that the majority of faunal material in the 
sample comes from the earlier period. The general lA category includes samples of date range 
broader than two periods, samples that are summed totals of sub-samples of different periods, and 
samples of no definite known date. 
It should be stressed that the points on the tripolar graphs represent Iron Age faunal 
"samples" not "sites"; while some samples do represent the complete faunal assemblage from a 
site, others samples may represent smaller subsets of the complete site assemblage. Where there 
are several faunal samples from the same site they are usually separated by date, but in a small 
number of cases they represent the faunal assemblages collected from different areas of a site, or 
from different seasons of excavation. All samples, even i f a sub-division of a larger sample, used 
in this study have a total cow, sheep and pig NISP of >300. A result of this use of separate 
samples can be that there are clusters of several points with similar species proportions. Such 
clusters may be misinterpreted as representing several different sites with similar species 
proportions when in fact the clustered samples all come from the same site. 
Misinterpretations of this sort can be prevented by checking the provenance of clustered 
samples, and by considering the overall spread of points, and the differences between samples 
rather than just concentrating on identifying clusters of similar points. Separate samples from a 
single site do not always cluster and exhibit similar species proportions; the composition of an 
assemblage may vary significantly between periods, or area excavated and an analysis of this sort 
should attempt to recognise and explain these differences. Averaging the results of different 
samples from the same site in order to create a single result for each site would produce 
meaningless data and obscure potentially useful information. 
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British Iron Age species proportions 
The relative proportions of cow, sheep and pig in the Iron Age faunal samples are presented in the 
tripolar graphs below (fig. 17). The results are analysed for trends throughout the whole Iron Age 
dataset and within smaller regional groupings. 
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Figure 17: Percentage of Cow, Sheep, and Pig in British Iron Age faunal samples a) NISP >300 b) NfNI 
>30. 
Both the NISP data (fig. 17a) and the MNI data (fig. 17b) show similar trends in the Iron 
Age faunal samples. There is a clustering of samples indicating that the majority of Iron Age 
assemblages are comprised mainly of sheep and cow in roughly equal proportions with a low 
incidence of pig. The NISP data shows a slightly higher concentration of samples with a greater 
percentage of sheep than cow, although there are still large numbers of samples with more cow 
than sheep. The NISP data also includes a few samples that appear to be outliers of the main 
sheep/cow dominated group, having noticeably higher percentages of pig remains. The MNI data 
exhibit similar groupings to those seen with NISP, the majority of samples having more sheep 
than cow, and a few outlying samples with high percentages of pig. There is a tendency 
throughout the MNI data for slightly higher percentages of sheep and pig than are seen in the 
spread of NISP data, but this difference is expected and explainable (see Chapter 5 above). 
The similar pattern of NISP and MNI species proportions throughout the Iron Age dataset 
is also apparent at the inter- and intra-regional level. The clearest regional patterns of species 
proportions and trends related to certain site characteristics observed in the NISP data are also 
apparent in the MNI data. Thus, to avoid repetition, only the results of the analysis of species 
proportions using NISP data will be presented. 
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Figure 18: Percentages of Cow Sheep and pig in Romano-British faunal samples. NISP>300. (after Kine 
1978) ^' 
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Figure 19: Percentages of Cow Sheep and pig in northern French Iron Age faunal samples. NISP>300. 
(after M6niel, 1987 & 1990) 
A comparison of the range of species proportions exhibited by British Iron Age faunal samples 
with those from Roman Britain (fig. 18, after King, 1978), and from a selection of Late Iron Age 
sites in Northern France (fig. 19, after Meniel, 1987 & 1990) reveals significant differences 
between the three datasets. While there is some overlap between the Iron Age and Roman 
datasets from Britain, the bulk of samples from each dataset are disfinct with very different ranges 
of species proportions. Unlike the British Iron Age samples, the majority of Roman assemblages 
exhibit high percentages of cow; also the percentages of pig tend to be higher than in the British 
Iron Age samples. These differences in species proportions imply changes in husbandry regimes 
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from the Iron Age to Roman period in Britain. It is possible that an analysis of the date of 
samples in the British Iron Age dataset may reveal a tendency toward species proportions more in 
keeping with the Romano-British dataset in samples from the later Iron Age periods, particularly 
in those regions where the material culture has been argued to show "romanisation" (e.g. 
Cunliffe's (1991) "core zone"). 
The Late Iron Age French material also forms a distinct group of samples with ranges of 
species proportions very different to those seen in the British Iron Age samples. Among the 
French samples, pig exhibits the highest percentages of the three main domesticates and cow and 
sheep have similar, but slightly lower percentage ranges. Assuming there are no major 
taphonomic differences, it is immediately apparent from observing the ranges of species 
proportions that the animal husbandry strategies of these Northern French sites were very 
different to those practised by their British contemporaries. More recent studies of French Iron 
Age and Roman faunal assemblages by Lepetz (1996) reveal a broader range of species 
proportions than those seen in Meniel's select group, but although there is some overlap with the 
British Iron Age dataset for the most part the British and French faunal assemblages show clear 
differentiation in terms of relative cattle, sheep and pig proportions. 
This brief comparison of the British Iron Age faunal samples with their Gaulish 
counterparts, and their Roman successors, shows them to be a spatially and chronologically 
distinct group. A more detailed analysis of the British faunal samples may reveal spatial, 
chronological and cultural distinctions within the dataset, in the same way that this brief 
comparison has revealed distinctions between the LIA French, Romano-British, and British Iron 
Age faunal samples. 
Region 
There is a substantial amount of overlap in the species proportions of samples from different 
regions, but despite this overlap a number of regional traits are immediately apparent. There is a 
predominance of sheep among the Wessex samples, while the samples from Eastern England and 
East Anglia exhibit higher proportions of cow. The Western England and Wales samples contain 
higher percentages of pig than are seen in the main cluster of Iron Age faunal samples. Plotting 
the results on separate graphs for each region gives a clear picture of any regional patterning in 
relative species proportions. The patterns of relative species proportions for each region are 
discussed below. 
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Wessex and Central Southern England {fig. 20a) 
Within the overall spread of Iron Age faunal samples the Wessex samples form a distinct and 
fairly tight group. The majority of Wessex samples form a group with high percentages of sheep 
ranging from c. 40-70%, slightly fewer cows (c.20-50%), and low percentages of pig (c.0-20%). 
Compared to the overall range of Iron Age faunal samples the Wessex group occupies the upper 
end of the range of percentages for sheep, and the lower end of the range for cow. Outside the 
main group of Wessex samples there are two samples with significantly higher incidences of Pig 
(Groundwell Farm and Ower, Dorset). The LIA-ERB sample from Owslebury, Hampshire, also 
exhibits a slightly higher percentage of cow compared to the majority of Wessex samples. 
These results are in keeping with Cunliffe's (1991) model of predominantly sheep based 
animal economies helping to maintain large scale arable production throughout central southern 
Britain during the Iron Age. The good symbiotic relationship between sheep and fertile arable 
land is undisputed. However, even in such high percentages sheep may well have been less 
important than cattle in terms of their economic contribution; the meat weight of one cow being 
equivalent to that of several sheep, and in addition to providing manure cows may also be used for 
fraction. The emphasis of sheep in the Wessex anunal economy may be as much a product of the 
region's topography as it is a product of arable strategy. 
It should be noted that within the Wessex group there still remains a reasonably broad 
range of different species proportions. Although within the overall Iron Age dataset the species 
proportions in the Wessex samples appear similar, there are differences within the region and 
there is the possibility of several smaller intra-regional groups being represented within the 
general spread of Wessex samples. 
Upper Thames Valley and surrounds (fig. 20b) 
The Upper Thames Valley sites also exhibit similar species proportions in the majority of 
samples. Falling well within the range of the bulk of Iron Age samples, the samples from this 
region tend to have fairly equal percentages of cow and sheep remains (both with a range of c.30-
60%)and a low percentage of pig (0-20%). There is one sample, from Appleford, Oxfordshire, 
with a slightly higher percentage of cow than most samples from this region; however this 
difference is slight and the sample cannot be considered a notable outlier. 
In keeping with Grant's (1984b) observations, the Upper Thames Valley samples 
examined in this study do not exhibit the very high percentages of sheep seen in many of the 
Wessex samples. It would however be erroneous to conclude that the Upper Thames Valley 
samples represent a different sfrategy of animal husbandry to that occurring in Wessex in the Iron 
Age; the majority of Upper Thames Valley samples being well within the range of species 
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proportions seen among the Wessex samples. The species percentages suggest that cattle were 
the main contributors to the Upper Thames Valley animal economies given their greater size, 
although in terms of herd numbers sheep and cattle were probably of similar importance. The 
absence of any extreme emphasis on sheep does not discount the possibility that the animal 
economy had a major symbiotic relationship with the arable economy; topographic location or 
other factors may have caused concentration on sheep to be a less viable option than was the case 
in Wessex. 
Of all the regional groups in this study the Upper Thames Valley covers the smallest 
geographical area; it also exhibits the tightest clustering of samples in terms of relative species 
proportions. Despite this apparent uniformity in the species proportions, there is still sufficient 
variation to suggest a degree of intra-regional difference among the Upper Thames Valley faunal 
samples worthy of further exploration. 
Eastern England and East Anglia (fig. 20c) 
The samples from Eastern England and East Anglia exhibit a broad range of species proportions 
throughout the whole group. There are a sub-set of quite closely grouped samples that share 
certain similarities; the percentages of cow, although a broad range, are generally high (c.40-
80%), while the sheep percentages, also a broad range, are generally low (c. 10-50). The majority 
of samples also have the usual Iron Age characteristic of low percentages of pig (c.0-20%). The 
high percentages of cow are certainly indicative of an animal economy concenfrating mainly on 
cattle. There are also four samples with a high incidence of sheep (50-80%) more in keeping with 
the assemblages from Wessex and Cenfral Southern England. There is a notable amount of intra-
region variation in species proportions within the Eastern samples, particularly with regards to the 
relative importance of sheep and cattle. There are two notable outliers from the main spread, 
samples from the Puckeridge-Braughing/Skeleton Green settlement complex in Hertfordshire, 
both of which have higher percentages of pig. 
A number of the East Anglian samples are from wetland sites (Cat's Water and 
Haddenham, Cambridgeshire). Cat's Water has roughly equal percentages of cattle and sheep, 
while the samples from Haddenham exhibit the highest percentages of sheep seen among the 
assemblages from this region. Similarly, the Somerset Levels wetland samples from Meare in the 
Wessex region exhibit some of the highest percentages of sheep in that group. Given the high 
groundwater levels and possibility of seasonal flooding at these sites, one might have expected to 
see a low incidence of sheep, which tend to be better suited to drier environments. However, the 
wetland condifions need not be considered to be the determining factors of domestic species 
proportions at these sites as Cat's Water shares similar species proportions to several other, non 
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wetland, samples throughout the Eastern region suggesting there is probably another factor 
influencing choice of husbandry strategy. 
Western England and Wales (fig. 20d) 
As with other regions the range of species proportions indicates a certain amount of intra-regional 
diversity, which is unsurprising given the size and diversity of the geographical region. The 
samples from Western England and Wales do appear to form a clear group. The range of species 
proportions from this region are noticeably different from the bulk of the Iron Age material, 
having generally higher percentages of pig. The samples have roughly equal proportions of cow, 
sheep and pig remains (all three species c.20-50%). There are two outlying samples, both from 
Coygan Camp, Carmarthenshire, which have higher percentages of cow and lower percentages of 
sheep than the main group. 
The species proportions in this region are interesting as they not only show the presence 
of a regional group among the fron Age material, they also exhibit a deviation from what might be 
considered the norm for fron Age samples by having high proportions of pig. This is an important 
observation as the bulk of fron Age faunal samples come from Southern and Eastern Britain (the 
result of more profiise excavation, and more favourable preservation conditions). This notable 
difference in species proportions in faunal samples from westerly sites opens up the intriguing 
possibility that high percentages of cow/sheep and low percentages of pig is not the norm for fron 
Age Britain, merely the norm for Southern and Eastern Britain, and that far from being oddities 
the samples from this region are examples of the norm for Western England. Obviously without 
additional evidence from Western Britain this is pure speculation, but it should be remembered 
that the catchment of British fron Age faunal material presently available is far from 
comprehensive. 
Midlands (fig. 20e) 
The samples in this region show a spread of generally similar species proportions. Cow and sheep 
have similar percentages (c.30-60%)and pig is present in lower numbers (c. 10-30%). Within the 
parameters of this regional group there is a cluster of six very similar samples which come from a 
variety of sites. This may constitute and intra-regional group; however given the relatively small 
dataset this is at best a tentative suggestion. Further analysis of different sample characteristics 
such as date or site type may help to clarify the situation. Possible outliers include one of the 
samples from Weekley, Northamptonshire, which has a high percentage of sheep, although the 
other Weekley samples fall well within the main group, and three samples from Grove Farm, 
Leicestershire, which have slightly higher percentages of cow. At this stage of analysis there is 
84 
very little that can be said about the relative species proportions, and animal husbandry strategy in 
the Midlands region other than that the samples fall within the range of species proportions seen 
in the majority of Iron Age samples. 
Northern England and Southern Scotland (fig. 20f) 
The samples from this region, as with the Eastern assemblages, exhibit a very broad range of 
species proportions; pig is consistently poorly represented (c.0-20%) while cow and sheep 
percentages vary greatly for both species (c.20-70%). The region encompasses a large 
geographical area which may increase the chance of such diversity. Although broad, the range of 
species proportions is unremarkable in terms of the general spread of Iron Age samples used in 
this study. The broad range of husbandry strategies suggested by these results is contrary to 
Piggott's notion of "Celtic cowboys" (Piggott, 1958: 25) and economies based primarily on cattle 
pastoralism throughout the North of Britain during the Iron Age. Even though Piggott's model of 
agricultural strategy for the Iron Age in Northern Britain has already been discredited due to the 
widespread evidence of arable cultivation in the region (Van der Veen 1992, Huntley and 
Stallibrass 1995), it is usefiil to obtain further confirmation from the faunal data. 
The spread of samples suggests there is little evidence to support the notion of a particular 
regional trend in animal husbandry strategy. There are two slight clusters, a group of five samples 
with high percentages of sheep, and another group of seven samples with high percentages of 
cow. At first glance these clusters may suggest the presence of two separate groups. However, 
the clusters represent several samples from the same sites; four of the five sheep dominated 
samples coming from Garton Slack, East Yorkshire, and the cow dominated cluster containing 
multiple samples from Stanwick, North Yorkshire, and Thorpe Thewles, Cleveland. 
The outlying sample with the high percentage of cow (c.85%) comes from Port Seton, 
East Lothian, and is worth mentioning as it is a known example of recovery bias. Although the 
hand recovered faunal sample from this site exhibits a high incidence of cow, the ratio of cow : 
sheep is almost completely reversed in the sieved sample from this site (Hambleton & Stallibrass, 
forthcoming). The interpretation of the species proportions as they appear on the tripolar graph 
would be one of an animal economy specialising almost exclusively on cattle; however when the 
recovery bias is taken into account the interpretation is very different. The Port Seton animal 
economy most probably comprised similar numbers of sheep and cow, with cow contributing 
most to the economy but not to the exclusion of all else. This example highlights the problem of 
unknown retrieval bias; although recovery bias is unlikely to account for consistent frends across 
a region, there is always the possibility that interpretations of individual site assemblages may be 
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unreliable due to the effects of an unknown bias effecting the relative proportions of different 
species. 
It has been demonstrated that there are regional trends in the range of species proportions 
observed in the NTSP data from fron Age faunal samples. The regions with the most noticeable 
grouping of samples are Wessex and Central Southern England, the Upper Thames Valley and 
surrounds, and Wales and Western England. Further examination of the regional datasets for 
relationships with properties of archaeological sites, such as date or height OD, may help explain 
these regional groupings, as well as the presence of certain outlying samples. 
Geology 
It is difficult to determine whether or not there is a strong relationship between the proportions of 
different species in faunal samples and the underlying geology of the sites from which they were 
recovered (fig. 21). Some categories of underlying geology do appear to share a relationship with 
species proportions, but other categories (e.g. alluvium and peat) contain too few samples upon 
which to base any conclusions. There is some separation between the range of species 
proportions exhibited by the samples from chalk and those from boulder clays. Those samples 
from boulder clays tend to have higher percentages of cattle than sheep, while those from chalk 
tend towards higher percentages of sheep than cattle. The samples from limestone areas cover a 
broad range of species proportions but seem to include many of the Iron Age samples with the 
highest percentages of pig. The majority of faunal samjiles appear to be from sites located on 
Chalk or Limestone. This is probably due to the alkaline nature of these soils providing an 
environment conducive to bone preservation. 
It is hard to distinguish between cause and effect in the apparent relationship between 
species proportions and certain categories of underlying geology. Underlying geology is closely 
related to other aspects of the environment that may influence choice of husbandry strategy, and 
therefore species proportions. The samples from alluvium and those from gravels share similar 
species proportions; these similarities may be more closely related to the river valley 
environments commonly associated with these types of underlying geology, rather than a direct 
relationship with the geology itself It is not uncommon for a particular category of underlying 
geology to be prevalent in a particular region, as a result of this it is equally possible that some of 
the apparent relationships between species proportions and geology result from regional 
characteristics other than the prevailing geology. This association of regions with particular 
categories of underlying geology is seen in the Upper Thames Valley samples which are 
predominantly from gravels, the Wessex samples which are predominantly from chalk, and the 
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Figure 22: Percentage of Cow, Sheep and Pig NISP in faunal samples from Iron Age sites and their 
underlying geology in separate regional groups. 
Wales and Western England samples which are mainly from limestone areas. More details 
concerning the relationship between geology and species proportions may be gained from 
examining the samples at a regional level. 
Wessex and Central Southern England (fig. 22a) 
The Wessex faunal samples come from sites located almost exclusively on chalk. The samples 
located on peat are among those with very high percentages of sheep, however they are well 
within the range of chalkland samples and there does not appear to be any clear link between 
species proportions and underlying geology in this regional group. The favourable bone 
preservation conditions associated with chalk may partially account for the large dataset from this 
region, although the large number of samples is also the result of a long and continuing tradition 
of active archaeology in this area of Britain. 
Upper Thames Valley and surrounds (fig. 22b) 
The samples from this region are mainly from gravel sites and there is no indication to suggest 
that the geology of the area has any direct bearing on the species proportions of faunal samples. I f 
geology were a significant influence on species proportions, samples with different geology might 
be expected to show dissimilar species proportions; however, those samples from sites with 
geology other than gravel still f i t well into the main spread of species proportions. Although 
falling within the spread of Wessex samples, the Upper Thames Valley samples have very 
different geology, which justifies the consideration of Wessex and the Upper Thames Valley as 
separate regional groups. 
Eastern England and EastAnglia (fig. 22c) 
There are no obvious patterns of geological categories to explain the different species proportions 
in the Eastern region. The outliers with high percentages of pig, and those samples with high 
percentages of sheep cannot be accounted for by different geology as the same geological 
categories are also seen among samples with high percentages of cattle. 
Western England and Wales (fig. 22d) 
Al l but one of the sites of known geology from this region are situated on limestone. This may 
account for the presence of preserved bone at these particular sites, as elsewhere in Western 
Britain the soils are generally too acidic to allow bone preservation. The single sample from 
gravel has a relatively low incidence of pig, but this is also frue of some samples from limestone 
areas so there is no evidence to suggest a relationship between underlying geology and species 
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proportions in this instance. There are insufficient samples from different geological categories to 
determine whether or not the regional phenomenon of high incidence of pig remains is related to 
the underlying geology of the region. 
Midlands (fig. 22e) 
The samples from boulder clays exhibit the highest percentages of cow in the region, and the 
samples from limestone exhibit the highest percentages of sheep. There is substantial overlap 
between the boulder clay and limestone samples, however, so it is unlikely that geology plays a 
significant part in influencing the choice of arable strategy in this region. The tight cluster of 
samples at the centre of this group exhibit a variety of geological categories, it is therefore 
unlikely that geology is the factor determining their similarity. 
Northern England and Southern Scotland (fig. 22f) 
There does appear to be some intra-regional separation of faunal samples into different geological 
categories. The northern faunal samples are in keeping with the general trend of higher 
percentages of cattle than sheep in samples from the boulder clay category. In addition to this the 
mixed geology at Carton Slack does include chalk, and the cluster of samples with high 
percentages of sheep from this site are similar in species proportions to the majority of other 
chalkland samples. There is some ambiguity in the relationship between species proportions; the 
presence of a single chalkland site exhibiting similar species proportions to the cluster of boulder 
clay samples suggests that geology is not the only factor influencing species proportions in this 
region. As mentioned previously, any apparent clusters are due to samples coming from the same 
site on chalk which may mean that intra-regional grouping of samples according to geological 
category might be overemphasised in the triplot. Having said this, the diversity of underlying 
geology within the region may go some way to explaining the broad range of different species 
proportions in the northern sample. 
Analysis of the relative proportions of species in Iron Age faunal assemblages with relation to 
underlying geology has provided ambiguous results. There is a close relationship between 
underlying geology and region which makes it difficult to determine whether underlying geology 
has a significant influence on species proportions or whether the apparent inter-regional groupings 
of species proportions by geological category is the result of other regional characteristics. Those 
regions with samples from several different types of underlying geology exhibit no clear intra-
regional grouping according to geological category, which would suggest that there is no 
relationship between the two variables. There is a tendency for faunal samples to come from sites 
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located on chalk as the alkaline environment usually associated with chalky soils favours bone 
preservation. Although geology may influence the overall preservation of faunal assemblages, the 
results of this study would suggest that site geology does not significantly effect the proportions 
of species within a sample, and the regional patterns of species proportions seen in the Iron Age 
faunal data are not directly related to underlying geology. 
Topographical Location 
There does not appear to be a clear relationship between species proportions and height OD 
among the British Iron Age faunal samples (fig. 23). The use of smaller intervals for height 
categories might, in principle, have provided a clearer indication of any relationship between 
height and species proportions, but in practise this would have resulted in the number of samples 
in each category being too small to enable viable comparisons. The samples from the 26-75m 
category have a tendency for higher percentages of cattle, while the 76-150m category includes 
samples with high percentages of sheep. This could possibly give some credence to Grant's 
(1984b) observation of a relationship between height and species proportions in Iron Age faunal 
assemblages from Wessex and the Upper Thames Valley, whereby those sites above 76m OD 
have higher percentages of sheep while those sites below 76m have a higher incidence of cow. 
This slight division at the 76m mark is only apparent in the middle height range for the dataset 
used in this study; the 0-25m OD category has a very broad range of species proportions and 
includes samples with among the highest percentages of sheep, cattle and pig. The samples from 
151-225m and over 225m also fail to show any definite trend in species proportions related to the 
topographical location of the sites from which they were recovered. Further examination of 
samples at a regional level may provide more information. 
Wessex and Central Southern England (fig. 24a) 
There is a slight intra-regional patterning of species proportions according to topographical 
location in that the samples from sites located at 26-75m OD do not have high percentages of 
sheep, while the range of species proportions from the 76-150m category does include high 
percentages of sheep. These results might be considered to be in keeping with Grant's (1984b) 
observations, and to support the notion that the choice of husbandry strategy is influenced by the 
suitability of species to the local environment whereby sheep tend to be the preferred species for 
high ground, and cattle for lower. This tentative relationship does not hold for all the samples 
from this region; the samples from Meare, situated on very low ground in a wetland environment 
that would theoretically be better suited to cattle husbandry, exliibit some of the highest 
percentages of sheep among the Wessex samples. Although there may be some links between 
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Figure 23: Percentage of Cow, Sheep and Pig NISP in faunal samples from Iron Age sites and their height 
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species proportions and topographical location in this region there is no evidence of a strong 
relationship. The intra-regional variation in species proportions cannot be fully explained by 
differences in site location, nor can it account for the presence of outliers. 
Upper Thames Valley and surrounds (fig. 24b) 
The majority of samples from this region are from sites located between 26m and 75m OD. As 
with the geology it is difficult to determine whether the similar topographical location accounts 
for the similarity in species proportions in the regions faunal assemblages, or whether the 
similarities in height are merely coincidental or secondary to another factor. The fact that the 
sample from a site with a much higher (151-225m) location falls well within the main sample 
group, would indicate that topographical location is not a major factor influencing species 
proportions. With regards to Grant's argument for a relationship between height and proportions 
of cattle and sheep, it is apparent that the majority of Upper Thames samples do come from lower 
lying ground and exhibit lower percentages of sheep than many of the higher Wessex samples. 
However, in the absence of contrasting higher level samples from within the same region the 
results of the Upper Thames Valley samples neither support nor refute Grant's model. 
Eastern England and EastAnglia (fig. 24c) 
Al l but one of the sites of known height from this region are located below 150m, the majority of 
samples come from 76-150m and the others are mostly from 26-75m. Despite differences in 
height there is a substantial overlap in associated species proportions, suggesting there is no 
discernible relationship between height and animal husbandry strategy in this region. The two 
main outliers both belong to the same height category (26-75m), but this category also includes 
samples from the main group which fall well within the range of species proportions exhibited by 
the samples from other height categories. Thus topographical location is unlikely to account for 
the different species proportions of the outlying samples. 
Western England and Wales (fig. 24d) 
The samples from Western England and Wales exhibit great differences in height; some samples 
come from sites located at 0-25m OD, others from sites located at over 225m OD, and from a 
range of heights in between. The samples still form a cohesive group, despite this extreme 
variation in site location. There is no evidence to suggest a relationship between site height and 
species proportions in this region. 
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Midlands (fig. 24e) 
Al l samples of known height from this region come from sites located between 26m and 150m 
OD. There can be no conclusions made concerning the relationship between height and species 
proportions. While some samples from 26-75m have high percentages of cow and some samples 
from 76-150m have higher percentages of sheep, there are no clear groups and there is an overlap 
in the range of species proportions from each height category. Also there are really too few 
samples from different sites to consider any apparent frends as evidence of a relationship between 
topographical location and species proportions. 
Northern England and Southern Scotland (fig. 24f) 
Again, there are no obvious trends to suggest that the topographical location of the site 
significantly influences species proportions, or animal husbandry sfrategy. 
On the whole this study has produced little evidence to suggest a strong relationship between 
topographical location and species proportions in Iron Age faunal assemblages. Grant's 
observation for the Wessex and Upper Thames Valley faunal assemblages that sites above 76m 
OD favour higher percentages of sheep and those below 76m favour higher percentages of cow 
does not hold frue for the whole of Britain as samples from other regions show no such pattern. 
With regards to Wessex and the Upper Thames Valley, those samples exhibiting high percentages 
of sheep compared to cow do tend to be from sites above 76m OD, although the very lowest sites 
from the region also share this characteristic. Of the lower sites (26-75m OD) few have high 
percentages of sheep. Thus it may be seen for the Wessex and Upper Thames Valley regions that 
while most sites from below 76m do not have high percentages of sheep this does not hold true 
for the very low lying samples. Also many of the higher sites above 76m are indistinguishable 
from the lower sites in terms of species proportions. 
It must be concluded that while there may be some slight trends in species proportions 
related to topographical location there are no patterns of any great significance that would help 
explain inter- and intra-regional differences in Iron Age animal husbandry sfrategies. This does 
not mean that animal husbandry strategies at different sites were not influenced by the suitability 
of the local environment, it simply means that for the British Iron Age faunal samples this is not 
the major factor determining species proportions. 
Site Type 
Of the four categories of site type used to classify samples in this study only the Banjo enclosures 
exhibit any clear evidence of a relationship with species proportions (fig. 25). With the exception 
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Figure 25: Percentage of Cow, Sheep and Pig NISP in faunal samples from different types of Iron Age site. 
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Figure 26: Percentage of Cow, Sheep and Pig NISP in faunal samples from different types of Iron Age site 
in separate regional groups. 
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of one outlier all the Banjos have high percentages of sheep (c.40-70%) and low percentages of 
cow (c.20-40%). The other categories of site type (Hillfort, Enclosed settlement, and Open 
settlement) all show a very broad range of species proportions. This is unsurprising as apart from 
Banjos, which are a quite clearly defined group, the categories encompass a broad diversity of site 
types from around Britain. For the most part all site types are well represented throughout the full 
range of species proportions in the Iron Age samples, although there may be some clustering that 
may be clarified by examining separate regional groups. 
Wessex and Central Southern England (fig. 26a) 
There do appear to be a number of discernible intra-regional groups of samples within the Wessex 
dataset that can be related to site type. The most noticeable trend is that of hillfort samples having 
higher percentages of sheep than the majority of other site types. The banjo enclosures also form 
a recognisable cluster of samples, exhibiting lower percentages of sheep than the bulk of the 
hillfort samples but slightly higher percentages of pig than the other enclosed settlements. The 
open and enclosed settlement categories encompass a much broader range of species proportions 
than the more tightly clustered samples from Banjo enclosures and Hillforts. It is fair to say that 
there is some relationship between site type and species proportions, particularly in the case of 
hillforts and banjo enclosures. 
The association of particular types of site with different ranges of species proportions 
may be indicative of sites having specific animal husbandry related functions. Alternatively the 
observed relationships between species proportions and site type might be explained as a cultural 
phenomenon; the different species proportions of separate types of site perhaps reflecting the 
different animal husbandry strategies or dietary patterns of different socio-cultural groups of 
people. 
Upper Thames Valley and surrounds (fig. 26b) 
The majority of samples fall into the enclosed settlement, and open settlement categories. The 
open settlement samples do appear to have slightly higher percentages of pig than the enclosed 
settlement samples, however the difference are so small as to be insignificant. There does not 
appear to be any intra-regional variation within this group of samples that can be related to site 
type. 
Eastern England and EastAnglia (fig. 26c) 
On the whole the Eastern samples exhibit no clearly discernible relationship between site type and 
species proportions. With regards to any evidence of inter-regional trends, one of the banjo 
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samples (Wavendon Gate, Buckinghamshire) from this region has very different species 
proportions to those seen in Wessex banjo enclosures. This may call into question the accuracy of 
the banjo classification for this particular site, or it may suggest that other factors have a stronger 
influence than site type on faunal assemblage composition in this region. 
One notable feature is that the two outliers with high percentages of pig, although 
included in the open settlement category are samples from the major LIA settlement complex of 
Puckeridge-Braughing/Skeleton Green. Although the relationship between settlements of this 
type and high percentages of pig is at best tenuous, there are a number of possible explanations 
for these two outlying samples. As examples of Iron Age sites with a more "urban" nature than 
others, oppida and other major LIA nucleated settlements may well have had consumer rather 
than producer economies; without the added requirements of manure and traction the emphasis on 
sheep and cattle could have been reduced, leaving pig to play a greater role in the diet. In 
addition, it has been suggested that British oppida show more evidence of Roman influences than 
the majority of contemporary rural sites (Cunliffe 1991), and such romanisation may be reflected 
in the faunal assemblages from these sites. There is also the possibility that the higher incidence 
of pig in the assemblages from oppida reflect the high social status of these sites within the region 
(King 1988). King (ibid.) highlights the similarity of species proportions from Puckeridge-
Braughing and Skeleton Green faunal samples, the two outliers mentioned above, to those seen in 
samples from other high status LIA sites from Southeast England. 
Western England and Wales (fig. 26d) 
Al l the samples in this group come from hillforts, reflecting a bias in the archaeological 
exploration of this region. There are arguments to suggest that British hillforts were "high status" 
sites (Cunliffe 1984), or gathering places associated with feasting (Hill 1995c, Stopford 1987), 
both of which would be in keeping with the high incidence of pig in the faunal assemblages from 
this region. However, without other non-hillfort faunal assemblages to provide a comparison, 
there is no evidence to suggest that this pattern of species proportions is in any way indicative of a 
relationship with site type. 
The range of species proportions in these hillforts differs substantially from the range 
seen in the Wessex hillfort samples. This would indicate that there are no inter-regional 
similarities in species proportions among the Iron Age hillfort samples. It should be remembered 
that "Hillfort" is a blanket term encompassing a diversity of sites, as are the terms "Open 
settlemenf, and "Enclosed settlemenf. Although possessing broad similarities, such site 
categories could well exhibit both inter- and intra-regional variation, and it is therefore 
unsurprising that trends observed in one region do not hold true in others. 
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Midlands ( f ig . 26e) 
The results f rom this region fai l to indicate any relationship between the species proportions of 
fauna! samples and the type o f site from which they were recovered. 
Northern England and Southern Scotland ( f ig . 26f) 
The Northern samples also fai l to provide conclusive evidence o f a relationship between site type 
and species proportions. There is a slight tendency for the samples from enclosed settlements 
along with the one hil lfort to have high percentages o f cow, but there is no clear division between 
these and the samples from open settlements which exhibit a broad range o f species proportions. 
There is no predictive relationship between site type and species proportions throughout the fron 
Age faunal samples. However the results of this analysis suggest that within certain regional 
groups there is a relationship between site type and species proportions and, possibly, animal 
husbandry strategy. This is particularly true o f Wessex, where hillforts and banjo enclosures 
exhibit definite intra-regional grouping. There are by no means such strong relationships in other 
regions, however the outlying L I A settlement complexes in the east Anglian sample may provide 
another example o f a relationship between species proportions and site type. 
Date 
In general the faunal samples exhibit little variation in the range o f species proportions from 
different periods o f the Iron Age in Britain ( f ig . 27). The EIA samples have low percentages o f 
pig and roughly equal proportions o f sheep and cattle remains. The M I A and L I A samples also 
share these characteristics but with a slightly broader range of species proportions, some with high 
percentages o f sheep or cow. The notable exception is the LIA-ERB dataset which exhibits a 
range o f species proportions with markedly lower percentages of sheep than earlier periods (sheep 
<60% in all L IA-ERB samples), and a number of LIA-ERB samples also have relatively high 
percentages o f pig. Tliis pattern is in keeping with King's (1988) observations o f Late Iron Age 
high status sites and may be a reflection o f the effects of romanising influence on Late Iron Age 
diet and husbandry strategies. I t is possible that analysis of the different regional groups may 
reveal fiirther distinct chronological trends in species proportions. 
Wessex and Central Southern England ( f ig . 27a) 
Despite a certain degree o f overlap, there does appear to be a relationship between sample date 
and species proportions within the Wessex group. The samples show a progressive increase in 
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Figure 26: Percentage of Cow, Sheep and Pig NISP in Iron Age faunal samples of different dates. 
101 
mm 
100. 0 
cow 5 0 / 
100. 0 
cow 50 PIG 
100 
a) Wessex SHEEP d) Western SHEEP 
100. 0 100 . 0 
cow 50 cow 20 
b)Upper Thames SHEEP 
% 
e) Midlands SHEEP 
100 . 0 
% 
cow 50 
100 . 0 
100 0 
cow 50 PIG 
100 
c) Eastern SHEEP f) Northern SHEEP 
Key: A E U • M U • L U 0 LIA-ERB O General lA 
Figure 27: Percentage of Cow, Sheep and Pig NISP in Iron Age faunal samples of different dates in separate 
regional groups. 
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the percentage o f sheep from the Early Iron Age, where percentages of cattle and sheep are 
roughly equal, through to the Late Iron Age, where samples have the highest percentages of 
sheep. This trend does not continue into the Late Iron Age/Early Romano-British period, in fact 
the L I A - E R B samples exhibit percentages o f cow similar to, or higher than, those seen in the EIA 
samples. The outlier with the highest percentage o f pig in this region is also a LIA-ERB sample. 
This increase in the percentages of sheep through to the L I A may be indicative of 
intensification o f farming and the move to more specialised economic strategies. In the Wessex 
samples this could be interpreted as the result o f specialisation in sheep products, perhaps for 
trade, such as wool, or the development o f an animal economy suited to more intensive arable 
production requiring sheep for stubble clearance and manure to increase soil fertility and 
productivity. Cattle are also suited to intensive arable production as they can provide both 
manure and traction. The difference in species proportions between the L I A and LIA-ERB 
samples suggests a radical change in the local animal husbandry strategy in the later period, 
perhaps as a result o f increasing Roman influence. The LIA-ERB samples are certainly more in 
keeping wi th the higher percentages o f cow and pig seen in Romano-British faunal assemblages 
( f ig . 18) than are the earlier Iron Age samples. These explanations for the observed changes in 
species proportions are only tentative; however it can be concluded that there is a strong 
relationship between the date and species proportions o f samples throughout the Iron Age in 
Wessex. 
Upper Thames Valley and surrounds ( f ig . 28b) 
Most o f the samples from this region date to the Middle Iron Age. I t is therefore diff icult to 
examine the regional group for chronological variations in species proportions, as in the absence 
o f samples from different periods it is impossible to tell whether similarities in species 
proportions are the result o f similarities in date or not. It is possibly significant that the two L I A -
ERB samples are at the upper end o f the range for percentage o f cow, in keeping with the trend 
seen among the Wessex samples. The observed chronological variation in species proportion in 
this region may be explained by a change in husbandry strategy in the Late Iron Age, perhaps the 
result o f romanisation, or the effects o f other cultural influences. However, the differences in 
species proportions are so slight that it must be concluded that the Upper Thames Valley samples 
show no evidence o f a relationship between date and species proportions. 
The similarities o f species proportions within the Middle Iron Age samples does not 
immediately support Lambrick's (1992) study of farming on the Upper Thames gravels, where he 
argues that Middle Iron Age intensification of farming practices occurred involving the 
development o f specialised pastoral farming, and resulting in intra-regional variation in husbandry 
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strategies. Before Lambrick's model can be dismissed it must be pointed out that the Upper 
Thames Valley dataset used in this study is quite small and therefore may not be large enough to 
illustrate intra-regional variation. A number o f faunal samples have been excluded from this 
study due to their small size, one o f these being the site of Farmoor, Oxfordshire, which it has 
been previously argued illustrates a specialised pastoral farming strategy (Lambrick and Robinson 
1979). I t must also be remembered that difl^rent specialised farming strategies need not differ 
substantially in the proportions o f species, but may rather differ in the particular methods of 
management and exploitation o f the different species. Although this study can provide no definite 
evidence to support Lambrick's theory o f intra-regional variation in species proportions within the 
Middle Iron Age, neither does it refute the possibility. Similarly there is no definite evidence to 
suggest a relationship between date and species proportions in samples from this region, but 
neither is there sufficient evidence to reject the possibility o f such a relationship. 
Eastern England andEastAnglia ( f ig . 28c) 
Within the main group o f Eastern samples there is no clear reflection o f the Wessex frend; there 
are samples with higher percentages o f cow in the Middle Iron Age and higher percentages of 
sheep in the Late Iron Age, but there are also samples o f M I A and L I A date that exhibit the 
reverse trend. The two outliers in this region have been categorised LIA-ERB and exhibit high 
percentages o f pig which could be related to their date should high incidence of pig be interpreted 
as a Roman trait. Even i f the high percentage o f pig is not taken as evidence o f "romanisation" 
the difference in species proportions exiiibited by the two LIA-ERB samples may still be 
indicative o f a significant change in animal husbandry strategy away from those practised in 
earlier periods in this region. 
Western England and Wales ( f ig . 28d) 
A l l the samples o f known date come from the Middle or Late Iron Age in this region, and there is 
no intra-regional grouping according to date. In the absence of any EIA or LIA-ERB samples it is 
impossible to fu l ly analyse the effects of date on species proportions. However, it is interesting 
that there are high percentages o f pig among the samples even though none are o f LIA-ERB date, 
as this shows that there are explanations other than those involving Roman influence that may 
account for high incidence o f pig in faunal samples. 
Midlands ( f ig . 28e) 
The Midlands samples exhibit a wide range o f species proportions but there is no evidence to 
suggest a relationship between date and species proportions. The small cluster o f three L I A 
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samples wi th the highest percentages of cattle all come from the same site so cannot be taken as 
an intra-regional grouping. The tight central cluster of samples represents a variety of different 
categories, implying that their similar species proportions cannot be explained as a chronological 
relationship. 
Northern England and Southern Scotland ( f ig . 28f) 
There is a broad scatter o f both species proportions and dates among the Northern samples. There 
are no discernible trends to indicate a relationship between husbandry strategy and date in the 
faunal samples f rom this region. 
There is by no means a Britain-wide relationship between date and species proportions in the Iron 
Age faunal samples, but within certain regions there are discernible date-related trends. The 
presence o f LIA-ERB outliers in several regions is suggestive o f radical changes in patterns o f 
local husbandry at that time. Within the Wessex dataset there are observable intra-regional 
groupings that suggest chronological trends in animal husbandry regimes. The samples from the 
Wessex region illusfrate the phenomena o f increasing importance of sheep throughout the Iron 
Age, and changes in animal husbandry strategy coinciding with increasing Roman influences in 
the region 
Conclusions 
I t has been demonstrated that an analysis o f species proportions can provide useful information 
concerning inter- and intra-regional trends in animal husbandry strategy. This study has 
highlighted the presence o f a number o f distinct regional groups within the Iron Age faunal 
dataset, and has gone some way to explaining these groupings by examining the relationship 
between species proportions and a number o f different site characteristics. 
The most definite intra-regional trends are observed among the samples from Wessex; 
there are apparent relationships between species proportions and both site type and date. These, 
and other factors, are likely to be inter-related making it diff icult to establish the main influence 
on husbandry sfrategy. For example, it is difficult to establish whether date or site type is the 
main factor influencing the M I A and Banjo groupings seen in the Wessex samples as Banjos are 
Middle Iron Age phenomena, so in this instance site type and date are inter-linked. This is likely 
to be the case with other site types and date categories throughout the British Iron Age, such as 
the L IA-ERB major settlement complex samples from Eastern England. 
In all probability, the clearest trends are visible among the Wessex samples because this 
is the largest regional dataset. Given the small number of samples from many regions it is 
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unlikely that, once subdivided into the various different categories, there would be sufficient 
samples in any category to constitute a definite regional group. This problem of small sample 
size, coupled with the diverse range o f species proportions seen within many regional groups, 
make it unlikely that any but the largest regional datasets with the narrowest range o f species 
proportions (i.e. Wessex) are likely to exhibit any reliable intra-regional groupings. 
This method o f analysis was never intended to provide explanations of the species 
proportions observed in each individual faunal sample, nor should it be. Rather this type o f study 
was intended to compare multiple faunal samples in order to highlight the presence of inter- and 
intra-regional trends in species proportions, and to attempt to relate these frends to characteristics 
o f archaeological sites (underlying geology, height OD, site type, and date). This study has 
succeeded in establishing the presence o f inter- and intra-regional groups among British Iron Age 
faunal samples, relating these groups to specific characteristics, and explaining the implications 
for Iron Age animal husbandry sfrategies. 
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Chapter 7 
Ageing Of Iron Age Domesticates 
The majori ty o f archaeological faunal reports make some attempt to consider the age of 
animals represented in the assemblage. There are a variety o f possible methods o f ageing 
faunal remains; this study w i l l concentrate on ageing techniques based on the eruption and wear 
o f the mandibular cheek teeth. The main purpose o f determining the age at death o f animals is 
to examine the age structure o f the archaeological populations o f different species; these 
mortality profiles may provide some indication o f the husbandry strategies used in the 
management o f the l iv ing population. This chapter w i l l discuss the uses o f ageing faunal 
remains and the main methods o f dental ageing used in Iron Age studies. The advantages and 
limitations o f different ageing methods for comparative analyses o f faunal assemblages, in 
particular those o f Grant (1975) and Payne (1973), w i l l also be considered. 
Uses of age data 
I t is widely accepted that certain husbandry regimes can generate specific and recognisable 
mortality profiles, usually characterised by the incidence o f culling at particular ages; thus 
analyses o f ages at death can identify particular husbandry strategies in the archaeological 
record (Payne 1973). This is a useful technique but it is limited; economic strategies o f herd 
management that are highly specialised, for example for meat, mi lk or wool production, may be 
recognisable by their distinct mortality profile, but mixed economies that utilise a variety o f 
potential animal products are much harder to recognise, having no such distinct patterns of 
mortality. A mortality profile lacking the key signatures o f a specialised husbandry strategy 
may be taken as representing a mixed economy; however on its own the mortality profile can 
provide little information concerning the relative importance o f the different primary and 
secondary animal products exploited within a mixed strategy. 
Mortal i ty profiles o f the age at death o f different populations provide a means by which 
differences in husbandry strategy can be recognised between different faunal assemblages. A 
comparison o f mortality profiles f rom different assemblages can show differences in husbandry 
strategy within the broad label o f "mixed economy". The relative differences in mortality 
between different assemblages may be interpreted as differences in economic strategies, and 
the nature o f those differences indicative o f the importance o f different animal products. There 
is little overt evidence o f highly specialised animal economies f rom Iron Age Britain, either 
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because mixed animal husbandry was the most prevalent economic strategy or because the 
areas where specialised regimes were practised are the same areas where there is a dearth o f 
archaeological faunal material. Thus the use o f mortality profiles is o f particular relevance to 
the Iron Age where the best way to define the nature o f the mixed economic strategy o f single 
assemblages is in relation to those o f other site assemblages. 
Methods of Ageing 
Silver (1969) put forward a number o f criteria by which the age o f common domesticates could 
be determined f rom their skeletal remains. The most commonly used methods o f age 
determination o f skeletal remains involve study o f the state o f epiphyseal fusion o f the post-
cranial skeleton, and the developmental and degenerative state o f the dentition. Epiphyseal 
fusion ageing is o f limited use as it can only provide age estimates for sub-adults; once all the 
bones have fused (for example in a cow this w i l l have occurred by about 4 years) no further age 
estimation can be made f rom the state o f fusion even though the individual may live for many 
years longer. Another problem with this ageing method particularly relevant to archaeologists 
is that juvenile bones do not preserve as well as adult fused bones. The use o f epiphyseal 
fusion data may thus result in consistent underestimation o f the proportions o f juveniles in a 
population. This in turn renders the resulting mortality profile unreliable. 
Ageing data provided by the mandibular dentition is o f more use than fusion data as it 
is less susceptible to the problems discussed above. Teeth and mandibles tend to display 
greater survivability than most post-cranial elements, and are therefore less affected by 
preservation bias, although infant mandibles are still more fragile than those o f adults. The 
state o f eruption o f deciduous and then permanent teeth allows ageing o f sub-adults in a similar 
way to the state o f epiphyseal fusion. However, the subsequent degeneration o f the adult 
dentition allows ageing o f adults by examination o f the extent o f tooth wear. 
Dental eruption can provide a reliable indication of the state o f physiological maturity 
o f an individual, although problems can arise when attempts are made to relate this to an 
absolute chronological age. A number o f Iron Age faunal studies (e.g. Buckland-Wright's 
1987 analysis o f faunal remains f rom Poundbury) use absolute ages o f tooth eruption derived 
f rom 19th century data by Silver (1969) to age specimens. However, Payne (1984) suggests 
that Silver's 19th century ages for cattle are inaccurate and that modem 20th century eruption 
timetables are more applicable to archaeological populations. Similarly for sheep, study o f the 
Harlow Temple assemblage (Legge & Dorrington 1985) indicates that Iron Age dental eruption 
is more analogous to Silver's modem figures than the 19th century data, as the seasonal k i l l 
pattern o f the Harlow Temple sheep only becomes apparent when using modern eruption times. 
108 
The same is true for pig; modern and ancient w i ld boar share the same eruption times as 
modern domestic pigs (Peter Rowley-Conwy pers. comm.). Consequently many other Iron Age 
faunal studies use Silver's modem eruption data to age specimens. 
The use o f different frameworks o f chronological ageing are a barrier to reliable 
comparative studies o f mortality profiles, as by assigning different chronological ages to the 
same physiological stage mortality profiles o f very similar populations could appear very 
different. Similar problems o f obtaining realistic absolute ages are also seen in methods that 
age teeth by the degree o f wear. The age at which a tooth comes into wear is dependant upon 
the age at which that tooth erupts, and the chronological ages assigned to particular wear stages 
are just as variable as those given for particular eruption sequences. It is not just the 
appropriateness o f Silver's 19th century chronological ages that is questionable; it is diff icult to 
argue conclusively that any o f the modern chronological frameworks, such as Payne's (1973) 
ages o f dental eruption and wear based on modern populations o f Turkish goats, are any more 
applicable to British Iron Age populations. Although it would appear that the use of modem 
dental data to age prehistoric populations is appropriate given that dental eruption and wear in 
the feral Soay sheep f rom St Ki lda (thought to be the closest l iving analogy to primitive 
prehistoric breeds) is more in keeping with Payne's figures for Turkish goats, and Silver's 
figures for modem improved breeds than with the unimproved 19th century data (Clutton-
Brock et al 1990). 
To some degree the chronological framework used in an individual tooth wear study is 
unimportant, as it is the relative age o f individuals and the proportions of each age group 
present that is o f most significance when examining a mortality profile. However, as 
mentioned above, the use o f different chronological frameworks is a barrier to reliable inter-site 
comparisons o f mortality profiles. Ideally the use o f a single methodology would enable 
reliable comparison o f mortality profiles as all samples would be subject to the same 
physiological definitions o f tooth wear with fixed chronological ages. Unfortunately in practice 
Iron Age faunal studies exhibit several different methodologies o f ageing from dental wear, the 
two most common being those developed by Grant and Payne. A way around this 
incompatibility o f different chronological ageing techniques would be to convert tooth wear 
data produced by one method into a format compatible with another, by ignoring absolute ages 
completely and relying on comparisons o f relative physiological ages. 
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Two methods of ageing from dental wear: the advantages and limitations for comparative 
study of Iron Age faunal material. 
Before attempting to develop a method o f generating comparable results from different 
methods o f ageing using tooth wear it is important to assess the advantages and limitations o f 
the different approaches prevalent in the Iron Age faunal literature. The two main methods o f 
ageing by dental wear w i l l be compared with regards to their suitability for reliable and 
informative comparative studies o f species mortality in Iron Age faunal assemblages. 
With regards to comparing published Iron Age assemblages Grant's method has the 
advantage over Payne's because it is the most commonly used method. Therefore much o f the 
data f rom different assemblages is already in a similar format which aids comparison. Out of 
38 Iron Age site reports which provided systematic quantitative tooth wear data for sheep, 53% 
used Grant's method while only 32% used Payne's. In addition to its more frequent use. 
Grant's method is applicable to sheep, cattle and pigs, allowing comparison o f mortality 
profiles between species as well as between different assemblages o f the same species. Payne's 
method is for use only with sheep/goat mandibles. However Halstead (1985) has adapted 
Payne's method for use wi th cattle, and it is equally feasible to adapt a similar method for pig, 
as can be seen wi th other broadly similar methods used on Iron Age assemblages (e.g. Harcourt 
1979, Mal tby 1995a). Both the main approaches have advantages suited to comparative Iron 
Age studies. 
The two different methods o f ageing f rom tooth wear discussed here are described in 
detail in Payne's 1973 paper and Grant's 1975 report respectively. Both authors identify 
recognisable tooth wear stages for each o f the mandibular molars and the permanent and 
deciduous fourth premolars, and use combinations o f the different tooth wear stages seen in an 
individual to define its mandible wear stage. Hamilton (1982) provides a brief discussion o f 
the many different advantages and limitations o f both methods. The techniques differ in a 
variety o f ways such as how the tooth wear stages are defined; Grant's method being more 
subjective while Payne's relies on more objective descriptions. Most important to this study 
however are the differences in how the tooth wear data is expressed. 
Payne groups the mandibles according to their state o f wear into broad bands which 
each represent a chronologically defined age group. Grant also groups mandibles according to 
their wear but in much smaller bands each o f which represent a particular mandible wear stage 
that is defined by a number. This number relates to its age relative to other wear stages but not 
to absolute age. The different stages o f all mandibles in a population are expressed by Grant in 
the form o f a frequency diagram showing the numbers o f jaws representing each mandible wear 
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stage ( f i g . 29a). Payne expresses wear data in the form o f a mortality curve by calculating the 
percentage o f the population still alive at the end o f each successive age stage ( f ig . 29b). 
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Figure 29: a) Grant Method: Frequency diagram showing number of jaws at each mandible wear stage in 
an Iron Age sheep population from Mingies Ditch, n=38. (after Wilson 1993). 
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b) Payne Method: Mortality curve showing the percentage of animals surviving at the end of each stage, 
based on the mandibles of an Iron Age sheep population from Mingies ditch, n=38. 
I l l 
The format o f a mortality curve means that Payne's results allow fairly easy recognition 
o f herd age structure and k i l l - o f f patterns, as well as direct comparison o f different mortality 
curves on the same axes. Grant's method allows recognition o f similar, or dissimilar, 
population structures but without the convenience of plotting several datasets on the same 
graph. Also, because Grant's method does not have a built in indication o f absolute age, or at 
least the relative duration o f different wear stages, it is harder to determine what the observed 
populafion structures equate to in terms o f the classic meat, milk, or wool economies ( f ig . 30) 
characterised by Payne (1973). 
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Figure 30: Model mortality profiles of sheep/goat for specialised production of milk, meat or wool (after 
Payne 1973). 
The lack o f a system o f absolute ageing o f wear stages in Grant's method means that all 
stages are given equal weight even though some stages may last significantly longer than 
others. Problems o f interpretation may arise when there is a peak in a particular mandible wear 
stage; more animals appear to die in some wear stages but this may be a result o f the duration 
o f the wear stage rather than an increased death rate (Hamilton 1982). By putting less 
emphasis on particular wear stages and more on broader age bands, Payne's method serves to 
iron out the small fluctuations that can be highlighted by Grant's method and instead 
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concentrates on the larger patterns that are important when comparing different populations and 
when recognising different husbandry regimes. 
B y using broader groupings encompassing the equivalent o f several o f Grant's 
mandible wear stages, Payne's method makes it possible to achieve meaningful results f rom a 
smaller sample size than is useful for Grant's. However while Grant's analysis does not lend 
itself to the generation o f meaningful mortality profiles f rom small samples, it is easier to spot 
possible similarities between very small assemblages when looking at Grant frequency 
diagrams than when looking at mortality curves. The use o f absolute ages in Payne's technique 
can be viewed both negatively and positively. The absolute ages assigned to each wear stage 
may not be applicable to all archaeological samples (Moran & O'Connor 1994) and thus give 
inaccurate age estimations; however, even i f the absolute chronological ages are not totally 
accurate they still provide a framework o f relative physiological ageing, and an indication o f 
the duration o f different wear stages. 
Both Grant's method and Payne's provide a good indication o f the relative ages o f 
animals f rom archaeological contexts. However, while both techniques can be used to 
recognise populations o f similar age structure, with Grant's method it proves harder to compare 
assemblages and interpret differences in mortality profiles. Payne's use o f broad age ranges 
and mortality curves to express the data proves most useful when comparing the age structure 
o f different populations, or when attempting to recognise particular husbandry regimes. As 
mentioned previously, much o f the published age data for faunal remains (specifically for the 
British Iron Age) is however in the form o f Grant's mandible wear stages. There is therefore a 
need for a means o f translating Grant's wear stage data into the format used by Payne without 
having to expend time and energy re-analysing the jaws using Payne's method f rom the start. 
Such a method would enable direct comparison o f the faunal assemblages and husbandry 
regimes f rom different published sites. 
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Chapter 8 
Method For Converting The Results Of Different Analyses Of 
Mandibular Tooth Wear Into A Similar Format. 
The majori ty o f published bone reports that age individuals by dental development and wear 
employ either Grant (1975) or Payne's (1973) methods. A minority o f assemblages have 
however been aged using various authors own methods. A l l these methods are, like Payne's, 
based on the principle o f defining a physiological age (i.e. a state o f tooth eruption/wear) and 
assigning an absolute chronological age to it. Any method using this principle is reasonably 
easy to adapt to Payne's scheme for sheep/goat, or similar schemes for cow and pig, by taking 
the given physiological wear descriptions, equating them to Payne's defined wear stages and 
reassigning the mandibles accordingly. Clearly defined tooth eruption and wear stages used in 
any method may be matched quite easily with Payne's physiological stages (defined in terms of 
tooth eruption and wear). The supposed chronological age assigned to each wear stage is 
usually best ignored when converting mandible ages from one method to another as it is quite 
common for different absolute ages to be assigned to the same physiological stage. 
Grant's method is less straight forward to convert to a Payne style format as the 
physiological stages used are less broad and have no clear written description that can be easily 
equated to Payne's stages. Given that most o f the Iron Age faunal assemblages studied use 
either Grant's or Payne's method to age mandibles it is important that the results o f these 
analyses be converted to a similar format in order to enable a comparative study o f mortality. 
In this chapter (see also Hambleton forthcoming) a method is described whereby Grant's 
mandible wear stages for sheep/goat, cattle, and pig are grouped into the broader physiological 
age ranges developed by Payne for sheep/goat (Payne 1973) and similar ranges developed by 
Halstead for cattle (Halstead 1985) and for pig. 
Aim 
The aim o f this study is to define Payne and Halstead's age ranges A - I in terms o f Grant's 
numerical mandible wear stages, thus allowing the results o f a Grant analysis o f tooth wear to 
be presented in a Payne style mortality curve format. 
Method 
The first stage is to define Grant's tooth wear stages a - p in the same way that Payne defines 
his tooth wear stages. This is done by drawing dentine diagrams similar to Payne's for each o f 
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Table 2: Sheep Tooth Wear Stages 
Payne Suggested Payne Definition Grant Deflnition 
Age Age 
Stage 
A 0-2 mth m3/p4 unworn m3/p4 <a 
B 2-6 mth m3/p4 in wear, M l unworn m3/p4>b, M l <a 
C 6-12 mth M l in wear, M2 unworn M l >b, M2 <a 
D 1-2 yrs M2 in wear, M3 unworn M2 >b, M3 <a 
E 2-3 yrs M3 in wear, post cusp unworn M3 b - d 
F 3-4 yrs M3 post cusp in wear, M3 pre m— M3 e - f 
G 4-6 yrs M3 n i b M2 m M 3 = g , M 2 = g 
H 6-8 yrs M3 • I | - ; M 2 p o s t CD M3 = g, M2 >h 
I 8-10 yrs M3 p o s t m - M3 >h 
Table 3: Cattle Tooth Wear Stages 
Halstead Suggested Halstead Deflnition Grant Deflnition 
Age Age 
Stage 
A 0-1 mth m3/p4 unworn m3/p4 <a 
B 1-8 mth m3/p4 in wear, M1 unworn m3/p4 >b, M I <a 
C 8-18 mth M l in wear, M2 unworn M I >b, M2 <a 
D 18-30 mth M2 in wear, M3 unworn M2 >b, M3 <a 
E 30-36 mth M3 in wear, post cusp unworn M3 b - d 
F young adult M3 post cusp in wear, M3 < g M3 e - f 
G adult M 3 = g M 3 = g 
H old adult M3 = h or j M 3 h - j 
I senile M3 = k or above M3 >k 
Table 4: Pig Tooth Wear Stages 
Age Suggested Author's Deflnition Grant Deflnition 
Stage Age 
A 0-2 mth m3/p4 unworn m3/p4 <a 
B 2-7 mth m3/p4 in wear. M l unworn m3/p4 >b. M l <a 
C 7-14 mth M l in wear, M2 unworn M I >b, M2 <a 
D 14-21 mth M2 in wear, M3 unwom M2 >b, M3 <a 
E 21-27 mth M3 in wear, post cusp unwom M 3 b - d 
F 27-36 mth M3 post cusp in wear, M3 < g M 3 e - f 
G adult M 3 = g M 3 = g 
H old adult M3 = h or j M3 h - j 
I senile M3 = k or above M3 >k 
the stages a - p drawn by Grant. Once the equivalent tooth wear stages had been established it 
was possible to define Payne's mandible wear stages (A - I ) using Grant's tooth wear stages in 
the same way that A - 1 are defined using Payne tooth wear stages. The mandible wear stages 
A - I for sheep/goat, cattle and pig are listed below (Tables 2, 3 and 4) together with their 
definitions in terms o f both Payne and Grant tooth wear stages. In this paper the absolute ages 
used for stages A - I are those defined by Payne (1973) for sheep/goat, Halstead's (1985) ages 
derived f rom Higham (1967) for cattle, and ages based on Higham (1967) and Bul l and Payne 
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(1982) for pig. No absolute ages are indicated on the mortality curves as relative age is 
considered more important than absolute age for the purposes of this study. 
In order to establish which of Grant's mandible wear stages are equivalent to mandible 
wear stages A - 1 it was necessary to establish the Payne/Halstead wear stage of mandibles of 
known Grant mandibular wear stages. Using Grant's study of the Portchester Castle mandibles 
(Grant 1975) where each mandible is listed and the Grant wear stage (a -p) for each tooth is 
given it was possible to assign each jaw to one of age stages A - I . The same process was 
carried out for the collected mandible wear data tabulated in Grant's 1982 paper. Having 
assigned the mandibles listed in the 1982 paper to stages A - I it was possible to see which of 
Grant's mandible wear stages fell into the broader Payne/Halstead groups and thus equate 
groups of Grant mandibular wear stages to each of stages A -1 respectively. The age stages A -
I for sheep/goat, cattle and pig together with their equivalent Grant mandible wear stages are 
shown in the results (Tables 5, 6 and 7). 
Results 
There was some overlap between Grant mandible wear stages and stages A - 1 . Groups of some 
jaws all representing one Grant MWS may equate to two adjacent Payne/Halstead wear stages. 
In these cases the Grant wear stage was taken to be the equivalent of the single A - I stage 
represented by the majority of jaws in the group. The results of this analysis are shown in 
Tables 5, 6 and 7. Table 5 shows the Payne sheep/goat mandible wear stages A - I and their 
equivalent Grant numerical mandibular wear stages, Table 6 shows the same for cattle, and 
Table 7 for pig. The lack of older jaws in the pig sample prevented clear definition of the later 
stages G, H and I in terms of Grant mandible wear stages, thus stages G - I have been grouped 
together in Table 7. 
Table 5: Sheep - Payne MWS and equivalent Grant stages. 
Payne MWS Grant MWS 
A 1-2 
B 3-7 
C 8-18 
D 19-28 
E 29-33 
F 34-37 
G 38-41 
H 42-44 
I 45 + 
116 
Table 6: Cattle - Halstead MWS and equivalent Grant stages. 
Halstead MWS Grant MWS 
A 1-3 
B 4-6 
C 7-16 
D 17-30 
E 31-36 
F 37-40 
G 41-43 
H 44-45 
I 46 + 
Table 7: Pig - MWS and equivalent Grant stages. 
Halstead iVlWS Grant MWS 
A 0-1 
B 2-8 
C 9-17 
D 18-32 
E 33-42 
F 43-46 
G -1 46 + 
Testing the method. 
It was noted when assigning Payne wear stages to the Portchester castle mandibles listed by 
Grant (1975) that not all the mandibles had Grant wear stages that were equivalent to the 
Payne/Hal stead stages listed in Tables 5, 6 and 7, due to the previously mentioned problem of 
some Grant stages overlapping two A - I stages. It was important to establish whether this 
variation affected the reliability of results produced by translating Grant data to Payne/Hal stead 
wear stages. The method was tested by comparing two mortality curves (fig. 31). One curve 
was based on A -1 stages which were assigned to each jaw on the basis of their individual tooth 
wear stages using the Grant definitions given in tables 2, 3 and 4. The other mortality curve 
was generated simply by assigning jaws to stages A - I according to their Grant mandibular 
wear stage following tables 5, 6 and 7, regardless of what Payne stage the actual tooth wear 
suggested. 
The two curves are remarkably similar which would suggest that the ranges of Grant 
wear stages shown in Tables 5, 6 and 7 do equate well to their assigned Payne stages. Any 
overlap of Grant stages from adjacent A -1 stages does not significantly affect the reliability of 
the method. 
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Figure 31: a) Mortality Curves for Portchester Castle Sheep Mandibles (n=I6,7) generated by Payne 
analysis of Grant (1976) wear data, and conversion of Grant data to equivalent Payne stages. 
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b) Mortality Curves for Portchester Castle Cattle Mandibles (n=120) generated by Halstead analysis of 
Grant (1976) wear data, and conversion of Grant data to equivalent Halstead stages. 
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c) Mortality Curves for Portchester Castle Pig Mandibles (n=128) generated by "Payne" style analysis of 
Grant (1976) wear data, and conversion of Grant data to equivalent A-I wear stages. 
Having demonstrated that the ranges of Grant wear stages chosen to represent stages A 
- 1 are appropriate and equivalent, it must also be established whether the converted Grant data 
still provides a reliable representation of the age structure of a population. The sheep/goat 
mandibles from the Iron Age site at Ashville provide the means to test this as both Grant's and 
Payne's methods were used to age the jaws (Wilson et al 1978). The mortality curves for the 
tightly phased and general Iron age mandible data produced using Payne's techniques from 
Wilson et al (op. cit.) were compared to those curves produced from converting the Grant age 
data to the Payne format using the method proposed here (fig. 32). 
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Figure 32: Mortality curves from the Ashville sheep mandibles (Iron Age, n==170, and Iron Age sub-
periods, n=77.) generated by Payne analysis and converted Grant data, (from Wilson 1978). 
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The curves are fairly closely matched suggesting that the Grant to Payne conversion 
does produce results close to those produced by the original Payne analysis. However the 
curves especially for the general Iron Age material still differ slightly, thus it would appear that 
the conversion of Grant data to a Payne format may have a smoothing effect on the mortality 
profile. This would somewhat reduce the reliability of interpretations concerning kil l-off 
patterns based on converted Grant data, though the difference is small. It is noticeable that 
there is less of a difference between the two sets of data for the more tightly phased material 
which might suggest that the differences in mortality profiles are not purely a result of the 
conversion technique. 
The original 1978 Ashville data has been reassessed by Hamilton (1982) and this 
reassessment has shown that there were some errors made in the original tooth wear analysis. 
Hamilton's revised analysis shows a significant difference between the results of the original 
Payne analysis and the revised Payne data so the mortality curves were re-drawn using 
Hamilton's revised data (fig. 33). The resulting Payne and Grant to Payne conversion curves 
are a much better fit, suggesting that the previous differences were due to errors in the original 
Payne analysis rather than in the method used to convert Grant data to a Payne format. 
Unfortunately while the revised Payne data for the Iron Age sub-periods was published in 
Hamilton's paper the revised Grant data was not. This means it is not possible to test the sub-
period data to discover whether the differences in the mortality curves from the original data 
were due to the Grant - Payne conversion process or due to errors made in the original tooth 
wear analysis as appears to be the case with the Iron Age data. 
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Figure 33: Revised Mortality Curves for Ashville sheep mandibles (Iron Age, n=12I), generated from 
revised Payne data and conversion of revised Grant data (from Hamilton 1982). 
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Discussion and conclusion. 
The technique of converting Grant tooth wear data into a Payne Mortality curve format 
developed in this paper appears to produce accurate and viable results. Mortality curves 
produced using this technique should allow comparisons of animal husbandry regimes between 
different sites. However while mortality curves produced from Grant data are comparable 
caution should be exercised when comparing converted Grant data to Payne data as differences 
in the shape of the curves may be due to differences in the two techniques rather than in the 
actual mortality profile. 
Grant's method of tooth wear analysis does not have the same capacity for including 
loose deciduous teeth as Payne's method, thus mortality curves produced from Grant data may 
show less infant death than a Payne curve produced by an analysis of the same assemblage. 
This potential problem seems small when one examines the Ashville data; the differences in 
infant mortality seen in the Payne curve and the curve for converted Grant data appear to be 
minimal. However, there may be a bias against infants in assemblages which are more heavily 
fragmented. 
It has been shown that the results of Grant analysis of mandible wear data in sheep/goat, cattle 
and pig can be converted to a format equivalent to the results of a Payne tooth wear analysis. 
Using this conversion technique it is possible to make reliable comparisons of mortality data 
derived from both Grant and Payne style analyses of tooth wear. 
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Chapter 9 
Mortality Projfiles Of Iron Age Domesticates 
Having established a method by which the majority of published tooth wear analyses could be 
presented in a similar format, a comparative study of Iron Age cow, sheep and pig mortality 
profiles was undertaken. As with the analysis of species proportions, any observable 
groupings, outliers, or general trends in the mortality profiles of different assemblages were 
noted for each species. An initial examination was carried out to test whether any of the 
observed patterns could be explained by the use of different methodologies or the effect of 
different analysts on the tooth wear data. The mortality profiles were then further tested for 
relationships with region, geology, topographical location, site type, and date. 
Sample size 
Of the faunal samples which provided tooth wear data, the number that allowed the 
construction of usable mortality profiles was 50 for sheep, 37 for cow and 24 for pig. In some 
instances there may be several different mortality profiles from the same site for a single 
species; this occurs where the faunal assemblage has been sub-divided into samples from 
different chronological periods. 
The mortality profiles themselves represent a broad range of sample sizes; the number 
of mandibles used to construct each mortality profile ranges from 7 to 1033 for sheep, 6 to 311 
for cow, and 5 to 158 for pig samples. On their own some of these samples would be 
considered too small to provide a reliable profile of mortality; in individual site faunal analyses 
groups of mandibles less than 15-20 are usually deemed too small to provide a reliable 
mortality profile, and samples below 40 (the minimum sample size recommended by Shennan 
1988) are treated with caution. The same strategy would ideally be adopted for a comparative 
study; however since the majority of Iron Age samples, cow, sheep, or pig, are less than 40 
mandibles, rejecting smaller samples would substantially reduce the available dataset and by 
doing so severely limit the scope of this comparative study. 
It is apparent from comparing the mortality profiles that, despite the potential for small 
sample bias, the majority of smaller samples exhibit mortality profiles with the same overall 
similarities, groupings and patterns as those of the larger samples. Given the apparent 
similarities between the smaller and larger samples it would seem acceptable to include all but 
the very smallest samples in this comparative study, providing the small size of many samples 
is borne in mind, and is still considered as a possible source of bias and as an explanation for 
unusual mortality profiles. 
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Comparability of tooth wear data derived from different methods 
The majority of assemblages used in this study employ either Grant's (1975) or Payne's (1973) 
methods of tooth wear analysis. There are also a number of other groupings of mandibular 
dental development and wear in use; these include those of Ewbank et al (1964), Harcourt 
(1979), Fifield (1988), and Maltby (1995a), as well as variations of the standard Grant and 
Payne methodologies. For the purposes of this comparative study tooth wear data from all the 
aforementioned schemes has been converted into a compatible (Payne style) format. A number 
of these methods provide only incomplete mortality curves, either because the method used 
only allows age determination up to a certain age (e.g. Ewbank's (1964) method only defines 
tooth wear stages up to the age of 3 years, so a mortality profile cannot be drawn beyond that 
age), or because the originally defined wear stages cannot be exactly equated to the defined 
stages A - I of Payne used in this study (e.g. In the sample from Owslebury where ranges of 
Grant MWS's have been used instead of single stages, the % survival in Payne stages A and B, 
and stages F and G, cannot be separately determined). The resulting mortality curves may still 
be included in this study as those sections of the curve which are present may still be reliably 
compared. 
It is important to take into account the effects that the use of different methodologies 
and analysts in the original tooth wear analyses might have on the observed mortality profiles. 
There may be inherent tendencies to exclude or favour certain age groups which bias the 
results, causing the variation, patterns and trends observed among the Iron Age mortality 
profiles. A l l mortality profiles used in this study are presented in appendix 4, and the analyst 
and methods of tooth wear ageing used in the published site reports are listed in appendix 1. 
Some methods are used for only a small number of samples and therefore cannot be expected 
to exhibit the ful l range of variafion in mortality profiles, particularly when the method in 
question is only used for one site, as is the case with Harcourt's (1979) ageing of the faunal 
material from Gussage all Saints. However, the more commonly used tooth wear data formats 
of Grant and Payne both exhibit the full range of variafion in mortality curves observed among 
the Iron Age assemblages, supporting the conclusion that differences in mortality profiles are 
not an artefact of methodological differences. Similarly, there is no relationship between 
analyst and shape of mortality curve. This was true for cow, sheep and pig data, and implies 
that the use of tooth wear data derived from different methodologies, and by different analysts 
does not influence the shape of the mortality curve in any way that would reduce the reliability 
of this comparative study. 
Tooth wear data for cow, sheep and pig were collected and converted into a similar format (% 
surviving at stages A - I defined in previous chapter). For each of the three species mortality 
curves were plotted. A visual comparison of the data was made; the mortality profiles of 
different samples were grouped on the same axes according to their region and any trends and 
patterns were noted, including any similarities to Payne's (1973) model mortality profiles for 
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specialised milk, meat, and wool production. Further grouping of the samples according to 
their site geology, topographical location, site type, and date was undertaken in order to test 
for observable relationships between these characteristics and the mortality profiles, and 
consequently herd management strategy, of Iron Age cow, sheep and pig. 
Pig 
A comparison of the mortality curves for all the available pig tooth wear data (fig 34) reveals a 
great deal of similarity throughout the Iron Age dataset. Al l the samples, including the single 
sample from the western region where assemblages exhibit a relative abundance of pig, appear 
to show the bulk of the pig population dying before mandible wear stage F was attained. Two 
samples, those from Meare East, and Owslebury, exhibit a slightly higher proportion of the 
population surviving into stage F but the general conclusions concerning husbandry strategy 
remains the same for all the Iron Age pig samples. 
The majority of animals are killed while exhibiting wear stages C, D, and E, roughly 
equivalent to I/2 - 2 / 4 years of age. Killing of pigs during the second and third years of life, as 
is seen in these samples, indicates intense exploitation of the pig population for meat. The 
strategy indicated by the mortality curves is one whereby animals are killed upon reaching 
adult, or almost aduh size so that the highest weight of meat is yielded without having to 
expend resources on maintaining the animals at that weight for any length of time. The few 
older individuals surviving into adulthood (stages G, H, and I) probably represent a small 
number of individuals kept as breeding stock, or possibly wild boar included in the count of 
domestic pigs. The absence of these few older individuals in many of the samples may be a 
result of their small sample size; i f only a small number of mandibles are recovered, the odds 
are that they wil l represent the most commonly occurring age group. The absence of evidence 
for older breeding stock in many of the samples need not preclude the existence of a 
sustainable cull; despite the majority of pigs being killed before the end of their third year, 
herds would have been sustainable as pigs produce large litters and may start breeding in their 
first year. 
There is some variation to be observed among the pig mortality curves which may be 
the result of slight differences in herd management. However, given the small sample sizes 
involved, these mortality profiles are not sufficiently reliable to provide detailed interpretations 
of husbandry strategy, only the general interpretation of management for meat. The 
exploitation of pigs for meat is unsurprising given that pigs can provide little in the way of 
usefiil secondary products that warrant keeping individuals into late adulthood. Although pigs 
of any age are of use in arable farming as they can turn and manure soil before planting. What 
is worth mentioning is the fact that the steep gradient of the mortality curves and the almost 
complete absence of individuals surviving beyond 4 years indicates the adoption by Iron Age 
farmers of an extremely efficient herd management strategy. 
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Figure 34: Mortality profiles of Iron Age pig populations from around Britain. 
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Sheep 
Three regions yielded sufficient numbers of samples with tooth wear data to allow inter- and 
intra-regional comparison of sheep mortality profiles. The mortality curves of Iron Age sheep 
populafions from Wessex and Central Southern England (fig. 35), Upper Thames Valley and 
surrounds (fig. 36), and Eastern England and East Anglia (fig. 37) were grouped according to 
region and plotted. Those few mortality curves derived from samples from the "other regions" 
were also grouped and plotted (fig. 38). 
The overall impression of the Iron Age sheep mortality curves is one of similarity, although 
less uniform than is the case for pigs. Despite variafion within the dataset the majority of 
mortality curves share a number of similar characteristics. In most instances there are very few 
individuals surviving into later adulthood (stages H and I), and the majority of individuals 
found on sites die while juveniles or sub-adults (stages C, D, E and F). Many samples exhibit 
their steepest drop in % surviving during stage C, roughly equivalent to the 6-12 month age 
group. Also apparent is a remarkably low incidence of neonatal and infant mortality (i.e. there 
is a marked absence of mandibles at wear stage A). 
The low incidence of infant mandibles may be interpreted in a variety of ways. The 
effects of preservation and retrieval bias on the younger mandibles may account for the low 
incidence of infant material. Sheep mandibles of the 0-6 month age class have much lower 
survivability than older mandibles, particularly when exposed to canine attrition (Munson 
1991). The poor survivability of young mandibles also increases the chance of a retrieval bias 
as the young mandibles are more likely to be fragmented and present in the form of individual 
loose teeth which are small and less likely to be recovered than the intact older mandibles. In 
addifion to this a number of the methods of tooth wear ageing, particularly Grant's, rely on 
complete mandibles rather than loose teeth and consequently the infant remains are under-
represented, even i f loose teeth from fragmented jaws are present. It is possible that neonatal 
and infant mortality is genuinely low, although the complete absence of any deaths during the 
first 6 months (stages A and B) as indicated by the majority of the sheep mortality profiles is 
highly unlikely. Bearing in mind that the observed samples were all recovered from settlement 
sites, it is possible that the lack of infant material simply indicates that lambing did not take 
place on the sites; infant deaths occurring away from the site would therefore not be 
represented in the archaeological sample. 
Lambing during spring while flocks were out to graze could also account for the 
absence of infant mandibles on settlement sites, while the deliberate culling of older animals 
for food or selecfive purposes would result in the remains of older animals being present at the 
settlement and thus being represented in the archaeological sample. The high incidence of 
mortality in the 6-12 month age class (stage C) is not in keeping with killing of prime meat 
animals (usually between Wi - 2'/2 years for sheep); however this pattern may fit a scenario 
whereby flocks were kept on or close to settlements during the winter months. I f this was the 
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case then the stage C mandibles could represent those yearlings that failed to survive their first 
winter, or possibly even animals culled deliberately in order to maintain the herd at a desired 
size and taking place before loss of condition over winter. Modern Soay sheep appear 
morphologically similar to those sheep found in Iron Age faunal assemblages, and studies of 
modem feral Soay populations on St Kilda (Jewell et al 1974) show a substantial weight loss in 
yearlings during their first winter, beginning in late autumn (October/November). It is 
reasonable to assume similar patterns of weight loss in the Iron Age sheep, which would 
support the notion of a late autumn cull of excess yearlings (contra. Higgs & White 1963), but 
without more precise ageing of the stage C mandibles early autumn or winter kills within the 6-
12 month age group cannot be discounted. 
The presence of flocks close to settlements over the winter months would be in keeping 
with the notion that sheep husbandry in Iron Age Britain was often closely associated with 
extensive arable husbandry, particularly in central southern England (Cunliffe 1993; Van der 
Veen 1992); sheep could be grazed in late autumn, after harvest, on the arable land surrounding 
settlements for direct manuring of the soil, or stalled close to the settlement to allow collection 
of manure to spread on fields. Having cleared stubble and manured fields during late Autumn, 
killing excess yearlings before they lost condition over winter would be an efficient means of 
reducing the herd to a manageable size for winter grazing or fodder feeding before returning 
the flock to pastures further away from the settlement the following spring. 
Continuing the analogy with the St Kilda Soay sheep, keeping the Iron Age flocks 
close to the settlements over the winter months would prove an advantageous management 
strategy for more reasons than the manuring of arable land. The breeding season occurs in late 
autumn, and having the animals close to the settlement at this time would facilitate any 
attempts by humans to selectively influence breeding. Maintaining flocks near settlements 
over the winter would not only allow continued manuring, and easy distribution of fodder, it 
would also allow farmers to keep a close eye on the pregnant ewes thus reducing pre-natal 
losses. 
This model provides a plausible explanation for much of the observed Iron Age 
evidence, however it is still possible that the mortality profiles of many of the Iron Age sheep 
samples may be equally well accounted for by alternative models, for example a dietary 
preference for meat from yearlings. Although the proposed model fits well with the evidence it 
is only a model and cannot be taken as fact without substantial further research, including 
examination of tooth wear in the stage C groups for evidence of seasonal cull, and investigation 
of the reliability of the analogy between Iron Age and Soay sheep. Also, this model is by no 
means universally applicable to all the observed Iron Age faunal samples; there is sufficient 
variation among the sheep mortality curves to suggest a number of differences in husbandry 
strategy. 
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Figure 35: Mortality profiles of Iron Age sheep populations from Wessex and CenU-al Southem England. 
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Figure 36: Mortality profiles of Iron Age sheep populations from the Upper Thames Valley and 
Surrounds. 
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Figure 37: Mortality profiles of Iron Age sheep populations from Eastern England and east Anglia. 
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Figure 38: Mortality profiles of Iron Age sheep populations from other regions (Western England and 
Wales; Midlands; Northern England and Southem Scotland). 
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Sheep: regional analysis 
A regional analysis o f the mortality curves reveals a number o f observable patterns in the 
mortality curves both within and between regional groups. The fol lowing section describes the 
different types o f mortality curves and attempts to interpret these differences in terms o f 
husbandry strategy. Patterns o f sheep mortality within each region (figures 35, 36, 37 & 38) 
are discussed below. Following this, site characteristics such as underlying geology, 
topographical location, site type and date, w i l l be explored for links with different strategies o f 
herd management. 
Wessex and Central Southern England ( f ig . 35) 
The Wessex tooth wear data provides the largest regional group o f Iron Age mortality curves 
for sheep. The mortality curves f rom this regional group are in keeping with those seen 
throughout the Iron Age dataset although the L B A - E I A sample f rom Old Down Farm could be 
considered an outlier as it exhibits an incidence o f mortality at stage C noticeably greater than 
in the other Wessex samples. For the most part the mortality curves share the general Iron Age 
pattern described above; very low neonatal/infant mortality (stage A ) , steady rate o f mortality 
in prime meat aged stock (stages D, E, and F), low incidence o f older adults (stages H and I ) . 
The most noticeable pattern among the Wessex samples is a split in the incidence of 
stage C mandibles. By the end o f stage C the mortality curves have separated into two main 
groups; those wi th a lower incidence o f mortality showing percentages o f population surviving 
at the end o f stage C between 65% and 80%, and those with a much higher incidence of 
mortality during stage C showing % surviving at 40-55%. The two groups with higher and 
lower percentages o f population surviving are less apparent during older age stages as during 
each stage there is increased mixing o f the two groups; however two discrete groups of 
mortality curves can still be distinguished at the end o f stage D and E. 
This differentiation in levels o f mortality during the 6-12 month age class may be 
indicative o f a difference in husbandry strategy. Those curves with higher % surviving at the 
end o f the stage may represent predominantly natural mortality of yearlings over their first 
winter, perhaps wi th some additional culling for meat, while those curves with much lower % 
surviving may indicate a deliberate and more intense cull o f yearlings. Both groups would fit 
w i t h the general model o f sheep husbandry described in the previous section, but the 
differences may be explained by differences in the intensity o f arable farming, or differences in 
the emphasis on sheep as a food resource. I t is possible to interpret those curves with lower 
incidence o f stage C mortality as representing a husbandry strategy that was more intent on 
exploifing slightly older sheep for food rather than exploiting yearlings as a source of manure. 
Those curves wi th high stage C mortality may be more indicative o f a strategy with a greater 
emphasis on secondary products, keeping the yearlings primarily as a source o f manure and 
secondarily as a source o f meat. Prime age animals are likely to have been culled for meat 
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while older animals were less intensely exploited for meat but maintained for wool, manure 
and possibly mi lk . 
I t is interesting to note that the dichotomous pattern o f stage C mortality discussed 
above is not purely an Iron Age phenomenon; similar patterns o f mortality have been observed 
among the Bronze Age sheep assemblages f rom this region (Dale Serjeantson pers. comm.). 
The suggestion that Iron Age sheep husbandry strategies in this region were strongly linked 
wi th the requirements o f arable agriculture, and that the differences in stage C mortality reflect 
differences in the intensity o f arable production, is also applicable to the Bronze Age as both 
arable and pastoral husbandry appears to have been well established in the region during this 
period. I t may be concluded that the mortality curves f rom Wessex are all sufficiently similar 
to share general interpretations o f husbandry strategy, however there are noticeable intra-
regional groupings, in particular at tooth wear stage C, which may be further interpreted as 
variations o f that proposed husbandry strategy. 
Upper Thames Valley and surrounds ( f ig . 36) 
The mortality profiles f rom the Upper Thames Valley region exhibit similar patterns to those o f 
the larger Wessex group. Again, there are low proportions o f infants; the majority o f 
individuals are juveniles and young adults, and there appears to be a similar separation of 
curves into two groups by the end o f stage C characterised by low percentage population 
survival (40-45%) and higher % survival (60-80%). There is one exception to this pattern; the 
mortality profile f rom Ditches Hi l l fo r t does not exhibit the high level o f mortality in stage C 
seen in the other samples. 
The Ditches sample may be considered an outlier f rom the main Upper Thames Valley 
group in terms o f more than just its mortality profile. Although situated in Gloucestershire, the 
site is not in the immediate Thames Valley area, neither is it a river valley site as the other sites 
yielding samples are. Many o f the other site characteristics examined later in this chapter 
(underlying geology, height OD, date and site type) also set Ditches apart f rom the main group 
o f Upper Thames Valley sites; it is a high status site with a very early vi l la (Trow 1988). The 
very low incidence o f individuals below one year old, and the complete absence o f adults over 
c. 4 years means the Ditches sheep sample is made up almost entirely of prime meat aged 
specimens. This may indicate that sheep were not kept on or directly around the site; the 
sample may even represent a bought in food resource. 
The main group o f data f rom this region may be interpreted in a similar manner to the 
Wessex material. There are slight differences from the Wessex material. On the whole the 
level o f mortality in stage C for both clusters appears slightly higher than is seen in the Wessex 
samples, although the difference is small. I t is possible that the intensity o f the seasonal 
mortality o f yearlings may be exaggerated by the effects o f seasonal activity/occupancy on 
some o f these sites. The flood plain site of Farmoor was seasonally occupied (Lambrick & 
Robinson 1979) and there may have been seasonal transhumance practised throughout the 
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region. I f only occupied for part o f the year, during which a seasonal cull occurs, the extent o f 
the cull may be exaggerated in the faunal sample as the "background" level o f individuals from 
other age groups kil led during the part o f the year when the site was unoccupied w i l l be absent 
f rom the sample. There is no evidence to suggest all Thames Valley sites were seasonally 
occupied, although i f the intensity o f occupation did vary throughout the year on some sites it 
might account for some o f the inter- and intra-regional differences seen in the levels o f stage C 
mortality among the Iron Age sheep populations. 
Eastern England and East Anglia ( f ig . 37) 
Many o f the mortality curves f rom Eastern England have a similar appearance to those derived 
f rom the Wessex and Upper Thames Valley samples. There is a marked absence o f neonatal 
and infant remains (stage A ) in samples throughout the region except for the LIA-ERB sample 
f rom Puckeridge-Braughing which exhibits a high level o f mortality in the 0-6 month age 
group. The rest o f the samples show a relatively steady rate o f mortality throughout stages D, 
E, and F (c. 1-4 years) wi th the exception o f Grove Farm, Enderby which shows very high 
mortality during the second year o f l ife (stage D) . There is a very small proportion o f older 
adults at most sites (stages H and I ) . 
Despite similarities to the Wessex and Upper Thames Valley, the samples from this 
region do not exhibit the distinct differentiation into two groups during stage C that was 
observed in the other regions. Many o f the curves have a steep gradient indicative o f a high 
death rate during the 6-12 month age group, and show % survival values at the end o f stage C 
that are wi thin the ranges seen in the Wessex and Upper Thames Valley data. A number of 
other samples, however, do not exhibit the steep drop in % survival during stage C seen 
throughout the majority o f Iron Age sheep samples, perhaps indicating a strategy not involving 
the arable-linked exploitation o f yearlings. 
Other regions ( f i g . 38) 
The few samples recovered f rom other regions o f Britain do not exhibit the same pattern of 
mortality as the bulk o f the Wessex, Upper Thames Valley, and Eastern samples. As with other 
Iron Age sheep samples, there is little evidence to suggest large proportions o f older animals. 
I t is noticeable, particularly in the two northern and one midland sample, that most deaths 
occur by the age o f 3, during the second and third years (stages D and E) suggesting a strategy 
primarily exploiting animals for meat. Also, in contrast to the southern and eastern regions, 
there is no steep drop in % survival during stage C suggesting the proposed model o f arable-
linked sheep husbandry strategies does not apply here. This is unsurprising. Although there is 
ample evidence for an established arable economy in parts o f Northern Britain, arable farming 
was both more intensive and more extensive in Southern and Eastern Britain during the Iron 
Age (Van der Veen 1992). 
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The absence o f any individuals o f wear stage A in any o f the samples may be a result 
o f not keeping young animals on or near the settlement. However, individuals only marginally 
older (stage B , c. 2-6 months) are well represented at these sites, so it is more likely that the 
lack o f very young remains is the result o f preservation and retrieval bias. A n unfortunate side 
effect o f the use o f Ewbank's method o f recording tooth wear, and the grouping of several 
Grant M W S ' s means that it is not possible to extend the mortality profiles beyond wear stage E 
for several o f the samples. Therefore it is not possible to comment on the exploitation of older 
animals at these sites. 
Sheep: summary of regional patterns 
The general conclusion to be drawn from the available Iron Age sheep mortality profiles is that 
sheep were mainly exploited by way o f a "mixed" (i.e. non-specialised) husbandry strategy. 
"Non-specialised" means that the sheep were managed in a manner that did not concentrate on 
the production o f a single product to the exclusion o f others (e.g. Payne's 1973 curves). 
Concluding that the mortality profiles represent mixed husbandry strategies does not mean that 
flocks were not managed according to a particular strategy. Indeed, the sheep mortality 
profiles indicate animal husbandry regimes well suited to the specific requirements o f the Iron 
Age farmers, in particular strategies complementing arable production. 
A model has been proposed that explains the mortality profiles o f most o f the Iron Age 
sheep samples. Attempts have also been made to provide more detailed explanations o f the 
differences in mortality profiles seen both within and between different regions. Having 
explained what the differences in mortality profiles may mean in terms o f differing husbandry 
strategies, it is now important to see i f these different patterns o f husbandry are related to 
certain site characteristics or other factors that may help explain why different husbandry 
strategies were used at different sites. 
Sheep: site characteristics 
The mortality profiles were examined for any relationship with underlying geology, 
topographical location, site type, or date. There is little evidence to suggest any o f these site 
characterisfics had any major influence over the choice o f Iron Age sheep husbandry strategy 
as there are no definite associations o f a particular pattern o f mortality with a particular site 
characteristic. I t is possible that these factors did exert some influence over the choice o f 
husbandry strategy, although the lack o f any consistent association suggests that there were 
other factors acfing to influence choice o f husbandry strategy beyond those considered here. 
Despite the absence o f any definite observable relationship between these site characteristics 
and choice o f husbandry strategy, it is possible that there may be some tentative relationships 
that should be explored in order to provide possible explanations for the differences in 
husbandry strategies seen within the Iron Age dataset. 
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Figure 39: Mortality profiles of Iron Age sheep populations grouped according to site underlying 
geology. 
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Figure 40: Mortality profiles of Iron Age sheep populations grouped according to site height OD. 
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Figure 41: Mortality profiles of Iron Age sheep populations grouped accordin: g to site type. 
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Figure 42: Mortality profiles of Iron Age sheep populations grouped according to site date. 
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Geology (fig 39) 
Differences in underlying geology fa i l to provide an explanation for the observed differences in 
husbandry strategy. The most noticeable differentiation within the mortality profiles (two 
groups wi th higher and lower % surviving at the end o f stage C) can be observed among 
samples in the same geological category, thus this differentiation cannot be linked to 
differences in underlying geology. I t is noticeable that, with the exception o f the Cat's Water 
sample, the sites lying on peat and alluvium exhibit mortality curves with some o f the greatest 
stage C mortality rates. As mentioned in the discussion o f the Upper Thames Valley data, it is 
possible that seasonal occupation o f sites at the same time o f year as a cull o f yearlings may 
account for the appearance o f extremely high stage C mortality in some of the samples. The 
underlying alluvium or peat is indicative o f low lying and possibly waterlogged sites that may 
have been subject to seasonal flooding during the Iron Age. Sites that were subject to seasonal 
flooding may well have been seasonally occupied, and this may explain the apparently high 
levels o f stage C mortality observed in most o f the samples f rom the peat and alluvium 
categories. 
Topographical Location (fig. 40) 
With in the complete Iron Age dataset there do not appear to be any associations o f particular 
husbandry strategies/mortality profiles with the heights at which sites are located. The 
majori ty o f samples are placed in the 25-75m OD, and 75-150m OD categories, and within 
these the f u l l range o f variafion in mortality curves is present. Within each regional group 
there is also little evidence to suggest a link between husbandry strategy and topographical 
locafion, although within the Eastern material the samples f rom the 25-75m OD group exhibit a 
lower range o f % surviving (20-45%) by the end o f stage D, than is seen in the 75-150m OD 
group (% surviving 40-65% by end o f stage D) . I t is possible that choice o f husbandry strategy 
was in some way linked to, or influenced by the topographical location of settlements in the 
Eastern region. However no explanation for this possible relationship is immediately apparent, 
and the absence o f similar patterns in the other regions would suggest that the phenomenon was 
not widespread throughout the British Iron Age. 
Site type (fig. 41) 
As wi th the other site characteristics, site type does not appear to influence the choice o f 
husbandry strategy to any significant degree. A small number o f samples f rom the Open 
Settlement category appear to show slightly lower levels of mortality during the first two years 
o f l i fe than the bulk o f samples f rom other settlement types, but the differences in mortality 
profiles between the different site types are negligible. I t is worth mentioning that within the 
Wessex samples, hillforts exhibit similar patterns o f mortality profile to those o f other types o f 
site, including both levels o f yearling mortality. This implies that the sheep husbandry 
strategies practised at hillforts were no different to those used at other sites in the region. 
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Date (fig. 42) 
There is little sign o f a link between the date o f a sample and the mortality profile it exhibits. 
Those mortality curves f rom the LIA-ERB period all appear to have attained similar 
proportions o f population surviving at the end o f stage D; the % surviving at this point ranges 
f rom 35-55%, whereas in all other periods the range is greater. However, despite showing 
similar levels o f % surviving by the end o f stage D, the mortality levels before and after this 
point vary too greafly to suggest that the mortality profiles are the result o f similar husbandry 
strategies. 
There is one possible pattern evident among the samples f rom different age periods, 
although the number o f samples in all regions other than Wessex is too small to say whether 
this trend occurs in other regions. The variation in the mortality profiles from Early Iron Age 
samples appears to be greater than that seen in the Middle Iron Age samples which, in turn, 
show greater variation than the Late Iron Age mortality curves. This progressively increasing 
similarity o f the mortality curves, and reduction in the ranges o f % survival, may be indicative 
o f the gradual adoption o f a more uniform approach to sheep husbandry during the Iron Age. 
The reason for this chronological trend is unknown but one possible explanation may be that a 
general increase in the intensity o f arable production over time encouraged the adoption of 
similar husbandry strategies more suited to a primarily arable economy. Whatever the reason 
for this apparent convergence o f husbandry strategies over time, the similarities in mortality 
profiles do not continue into the Early Romano-Brifish period. The uniformity o f husbandry 
strategies appears to be a phenomenon o f the Iron Age period, the M i d to Late Iron Age in 
particular. 
Sheep: summary of site characteristics 
The site characteristics considered in this study do not appear to account for the different 
patterns o f mortality seen in the Iron Age sheep material. Differences in site characteristics 
provide no explanation for the two levels o f stage C mortality seen in the Wessex and Upper 
Thames Valley samples. The material f rom Eastern England shows a similar lack of 
association between mortality pattern and date, height, geology, or site type. While inter- and 
intra-regional patterns o f mortality can be recognised within the Iron Age sheep samples, and 
these patterns explained in terms o f husbandry strategy, it is apparent that no simple association 
wi th site characteristics can explain these patterns. I t is probable that a variety o f many 
different factors influence the choice o f husbandry strategy. This study has recognised and 
suggested possible explanations for the general pattern of Iron Age sheep husbandry, however 
it would seem that the finer variations in mortality profiles may only be explained by further, 
more detailed analyses. 
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Cattle 
The Iron Age cattle dataset is somewhat smaller than the sheep dataset, but as with the sheep 
three regions yielded sufficient numbers o f samples to enable comparisons of mortality profiles 
both within and between regions. The mortality profiles f rom the Wessex, Upper Thames 
Valley and Eastern regions may be seen in figures 43, 44, and 45 respectively. The remaining 
mortality curves f rom the other regions are presented in figure 46. 
There is a great deal o f diversity among the cattle tooth wear data. The range o f % survival 
values at each wear stage is large and this is true for separate regions as well as for the whole 
Iron Age dataset. The cattle remains do not exhibit the overall similarity in mortality profiles 
observed in the pig samples and the sheep samples. The diversity o f mortality patterns would 
seem to imply the use o f a number o f different cattle husbandry strategies throughout the Iron 
Age, both in terms o f space and time. Many o f the samples have higher proportions o f older 
adults (stages G, H , and I ) than are seen in the sheep samples, which would suggest that some 
use was made o f older individuals. Older cattle are still used as a source o f meat, however 
keeping cattle beyond prime meat age (c. VA - VA years) would only be worthwhile i f exploited 
for additional purposes. The keeping o f older cattle for traction would be in keeping with the 
evidence o f arable production during the Iron Age, and fits well wi th the proposed model o f 
sheep husbandry where animals are managed in a way that compliments arable farming. I t is 
also l ikely that older cows were kept as breeding stock, and for milk. 
The main difference in the profiles is among the younger animals (stages A-E) ; some 
samples have higher levels o f mortality among these stages, suggesting a greater emphasis on 
cattle for meat, while others maintain a steady but low rate o f mortality. There is also a great 
deal o f variation within stage A , which could be indicative o f differences in preservation and 
retrieval as much as in husbandry strategy (see the discussion above for sheep). The one 
similar feature is the comparatively low incidence o f individuals at stage F among many o f the 
samples. Stage F (young adults) represents the tail end o f individuals selected for beef, but the 
youngest o f those maintained for traction and breeding. The low mortality among young adults 
is therefore unsurprising as they are unlikely to be deliberately killed for meat, being a little too 
old to be considered prime beef cattle, but with many years ahead as a potential source of 
labour and dairy products. Despite the differences, there are a number o f patterns among the 
regional groups that may shed further light on the strategies of cattle husbandry during the 
Bri t ish Iron Age. 
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Figure 43: Mortality profiles of Iron Age cattle populations from Wessex and Central Southern England: 
a) including jaws at MWS A b) excluding jaws at MWS A 
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Figure 44: Mortality profiles of Iron Age cattle populations from the Upper Thames Valley and 
Surrounds. 
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Figure 45: Mortality profiles of Iron Age cattle populations from Eastern England and east Anglia. 
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Figure 46: Mortality profiles of Iron Age cattle populadons from other regions (Western England and 
Wales; Midlands; Northern England and Southern Scodand). 
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Cattle: regional analysis 
Wessex and Central Southern England ( f ig . 43) 
The broad spread o f the curves in fig. 43a is, at first glance, suggestive o f a broad variety o f 
different husbandry strategies. Two samples (Meare East L I A , and Brighton H i l l South M I A -
L I A ) have a complete absence o f older individuals (stages G, H , and I ) and the majority o f 
individuals were kil led during stages C-F. This is indicative o f a husbandry strategy primarily 
concerned wi th exploiting cattle for beef The remaining mortality curves exhibit a very broad 
range o f % surviving values at each wear stage; however, closer examination reveals a great 
deal o f similarity within the Wessex material. 
The majority o f the Wessex curves show a similar steady rate o f mortality f rom Stage 
B onwards - most lines in fig. 43a are parallel despite being widely separated. The main source 
o f variation in the Wessex dataset is the incidence o f neonatal and infant mortality (stage A ) . 
This is supported by figure 43b which shows mortality profiles for Wessex assemblages 
(except for Meare and Brighton H i l l South) excluding all stage A material; the resulting 
mortality profiles are much more alike and show a substantial reduction in the range of % 
surviving values at each stage. Despite apparent differences in the level o f neonatal mortality 
the overall similarity o f the mortality profiles f rom stage B onwards suggests similar strategies 
o f cattle husbandry. Wi th the exception o f one sample with high incidence o f stage C mortality 
there is a similar rate o f mortality among individuals o f all ages, suggesting a husbandry 
strategy geared towards more than just beef production. As with sheep, a number o f Bronze 
Age cattle samples f rom the region share the mortality patterns observed in the Iron Age data, 
in particular the lack o f heavy infant/neonatal mortality and gradual steady rate o f mortality in 
all age groups (Dale Serjeantson, pers. comm.). The number o f older animals and the lack o f 
intense culls o f prime beef stock could indicate exploitafion o f cattle for secondary products, 
mainly traction and milk . 
The high levels o f infant mortality in some o f the samples, particularly those from 
Danebury, may be the result o f a deliberate cull and therefore indicative o f a focus on dairying. 
Deliberate k i l l ing o f infants before weaning would make more milk available for human 
consumpfion. Other suggestions to account for the incidence o f stage A individuals at 
Danebury include that o f a specialised breeding establishment (Grant 1984b), and seasonal 
occupation (Stopford 1987). In each case, the assumption is that the other lower lying, non-
hi l l for t settlements have complimentary husbandry strategies. The present study demonstrates 
that this is not the case, as a number o f non-hillfort settlements exhibit neonatal/infant 
mortality and a number o f other hi l l for t samples do not. No other samples f rom the region 
exhibit neonatal/infant mortality levels as high as at Danebury, and this may be taken to 
indicate that Danebury has a unusual husbandry strategy. However, there is no indication from 
other settlements o f a hil lfort /non-hil lfort differentiation in husbandry strategy. 
The different levels o f infant mortality among these otherwise similar profiles may be 
the result o f any number and combination o f factors. The absence o f stage A individuals may 
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be due to poor preservation and recovery o f small, fragmented juvenile remains. Alternatively, 
cattle may not have been kept on the settlement during the calving season so stage A 
individuals may never have been deposited on the settlement in the first place. High levels o f 
infant mortality are as likely to be the result o f deliberate culling, as the effects o f seasonal 
occupation o f the settlement during times when animals at stage A were present, or the export 
o f older individuals away f rom a breeding establishment. I t is also possible that the Wessex 
samples are simply exhibiting natural levels o f variation in neonatal mortality. 
Upper Thames Valley and surrounds ( f ig . 44) 
The mortality profiles f rom this region differ markedly from the Wessex curves. The majority 
o f Upper Thames Valley profiles do not exhibit the steady mortality rate of the Wessex 
samples, and instead show extremely heavy mortality during stages C, D, or E. The main 
exception to this is the sample f rom Ditches Hi l l for t . As with the sheep material, the Ditches 
sample ( f rom the Cotswolds) does not exhibit the same patterns as the samples f rom the Upper 
Thames Valley; instead the curve is more gradual with substantially lower levels of mortality 
during the first three years o f l ife (stage A-E) . The Ditches mortality curve indicates no 
specialised concentration on prime beef aged individuals, and it is probable that cattle were 
exploited for secondary products as well as for meat. The absence o f any individuals below 
three years is not in keeping with preferred methods o f exploitation for milk, even though a 
dearth o f infants may be the result o f taphonomic bias. 
The Later M I A sample f rom Mingies Ditch differs slightly f rom the remaining 
samples. Instead o f exhibiting a heavy drop in % survival during a single stage, the steepest 
part o f the curve takes in two stages (C and D) . Although not concentrating on a single age 
cohort like the other samples, the later M I A Mingies Ditch material is still indicative o f a 
husbandry strategy concentrating on meat production. Although the intense cull occurs at 
different ages in different samples, the majority o f the Upper Thames Valley curves indicate a 
primari ly meat based cattle economy. Those individuals killed at stage C represent the younger 
range o f prime beef animals; providing animals were killed towards the end o f stage C (c. 1V2 
years) they may be considered prime beef age, however i f kil led at the beginning o f the stage 
(c. 8 months) animals would have been too young to be considered prime beef stock. A more 
detailed analysis o f the tooth wear patterns would be required in order to establish more 
accurately the age o f individuals within the stage C bracket. 
Those samples which exhibit culling o f younger beef cattle (stage C and D) have very 
low proportions o f older animals, less than 20% o f the population live beyond 3 years. This 
mortality pattern would suggest a highly specialised husbandry strategy geared towards beef 
production where older animals are maintained in sufficient numbers to maintain the herd, but 
there is little or no emphasis on the keeping o f older stock for secondary products, or as draught 
animals. Those samples exhibiting an older beef cull (stage E, c. 2I/2 - 3 years) maintain higher 
proportions o f older animals (up to 50%). This pattern suggests a slight variation in husbandry 
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strategy whereby there is sti l l a concentration on beef production but sufficient older animals 
are maintained to suggest animals were also maintained for secondary products. 
Eastern England and East Anglia ( f ig . 45) 
Unlike the Wessex and Upper Thames Valley regions the samples f rom Eastern England do not 
appear to show any particular uniformity in husbandry strategy. The mortality profiles not only 
exhibit a broad range o f percentages o f population surviving at each stage, there is also 
variation in the shape o f the curves. The EIA sample f rom Blackhorse Road shows a similar 
mortality profile to many o f the Wessex samples; low mortality o f sub-adults and, with the 
exception o f stage E, steady rate o f mortality through to old age. This sample exhibits a very 
high proportion o f older animals suggesting a concentration on secondary products of cattle (as 
for other samples the absence o f very young specimens may be taphonomic and does not 
preclude the possibility o f milking). In direct contrast is the sample f rom West Stow which 
exhibits a high rate o f mortality in prime beef cattle and no individuals surviving beyond early 
adulthood, a pattern that suggests a concentration on meat production or even, given the lack of 
older or very young animals, the importation o f beef cattle onto the site. 
Within the remaining samples there are both similarities and differences in mortality 
profiles to be observed. The mortality curves tend to be steepest among prime beef age 
individuals; steeper than is seen in the Wessex data, suggesting some deliberate exploitation o f 
cattle for meat, but without the intense culling o f single age cohorts observed in the Upper 
Thames Valley region, suggesting husbandry strategies were not heavily specialised towards 
beef production. There is some variation in the exploitation o f older animals, some samples 
showing a steady decline in population through to very old age (stage I ) while other mortality 
curves terminate at the end o f stage G or H . Although there are differences in the ages to which 
older animals are kept, there are older animals present in sufficient proportions in many 
samples to suggest secondary products were also an important consideration o f many 
husbandry strategies within the region. There is no indication o f specialised husbandry 
strategies geared towards a single product, rather the reverse; an attempt to maximise 
opportunities to utilise cattle for as many different products as possible. 
Other regions ( f i g . 46) 
O f the three cattle samples (Mount Batten, Dragonby, and Port Seton) from the remaining 
regions, only one sample (Port Seton) provides a complete mortality profile. Despite this, it is 
still possible to draw some conclusions as to the probable cattle husbandry strategies they 
represent. A l l three curves show the majority o f individuals killed while sub-adults, the steep 
gradient o f the curve during stages D and E indicative o f a concentration on prime beef 
animals. I t would appear that the husbandry strategy at these sites was aimed primarily at meat 
production, although in two o f the samples approximately 45% o f individuals survive to 
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adulthood which might suggest deliberate maintenance o f older individuals as a source o f dairy 
products and labour. 
Cattle: summary of regional patterns 
The Iron Age cattle mortality profiles examined in this study reveal distinct regional patterns o f 
cattle husbandry. The Wessex samples are mainly indicative o f strategies focusing on dairying 
and other secondary products, while in the Upper Thames Valley the emphasis appears to be on 
meat production. The Eastern region exhibits a little more internal variation but on the whole 
husbandry strategies appear to be non-specialised, and attempt to exploit cattle for both 
primary and secondary products to differing degrees. There is a certain amount o f internal 
variation wi th in regions which may reflect differences in husbandry strategies. The inter- and 
intra-regional patterns o f cattle mortality seen in the Iron Age dataset must be examined for 
relationships wi th different site characteristics in order to attempt more detailed explanations of 
the different choices o f husbandry strategy. 
Cattle: site characteristics 
The mortality profiles were examined for any relationship with underlying geology, 
topographical location, site type, or date. There do appear to be a number o f possible 
associations o f certain patterns o f mortality with particular site characteristics; however these 
relationships tend to be observed only within the Iron Age dataset as a whole and not within 
individual regions. 
Geology (fig. 47) 
Most geological categories contain too few samples to discern any associated patterns in 
mortality. The majority o f samples come f rom sites overlying either chalk or gravel and there 
are sufficient samples in these two categories to discern a pattern in the distribution of 
particular types o f mortality curve. The different patterns o f mortality curve associated with 
chalk are the same as those seen throughout the samples f rom Wessex and central southern 
England. The patterns o f mortality profile seen among the gravel samples are also those 
apparent in the Upper Thames Valley. A t a regional level there is no discernible difference 
between chalk and gravel profiles in the Eastern material, and the absence o f any Wessex 
gravel sites and any Upper Thames Valley chalk sites prevents further testing o f the apparent 
trends. I n the absence o f any observed intra-regional differences related to underlying geology 
it is impossible to determine whether differences in geology are a cause o f regional differences 
in mortality profiles, or a result o f them. 
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Figure 47: Mortality profiles of Iron Age cattle populations grouped according to site underlying 
geology. 
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Figure 48: Mortality profiles of Iron Age cattle populations grouped according to site height OD. 
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Figure 49: Mortality profiles of Iron Age cattle populations grouped according to site type. 
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Figure 50: Mortality profiles of Iron Age cattle populations grouped according to site date. 
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Topographical location (fig. 48) 
There appears to be a slight trend in the distribution o f different types o f mortality curve 
according to height OD. Mortali ty profiles o f samples from the 0-25m OD category seem to 
indicate a meat orientated husbandry strategy. The same is true o f the 25-75m OD samples 
which appear similar to the Upper Thames Valley group, although some curves are smoother, 
while the 75-I50m OD group comprises mortality profiles with less emphasis on meat similar 
to the Wessex material. As with the underlying geology, these apparent associations o f 
particular patterns o f mortality with particular height categories may represent either cause or 
effect o f the regional differences. There is no conclusive relationship between height and 
mortality pattern in the Eastern samples, and there are no Upper Thames Valley samples in the 
75-150m OD category to test the relationship. The Wessex samples are almost exclusively 
f rom the 75-150m OD category; there is only one sample from the 25-75m OD range which 
exhibits a mortality profile perfectly in keeping with the higher settlements. 
I f the relationship between height and husbandry strategy is real it might be explained 
by the different suitability o f higher and lower lying areas to keeping cattle. As mentioned in 
the chapter comparing species proportions, lower lying sites with better access to water would 
probably have been more suited to keeping larger herds o f cattle than the dryer upland sites. I t 
is possible to exploit larger herds specifically for meat and still maintain a viable breeding 
population f rom the small percentage o f older individuals. However, small herds cannot 
remain viable without a sufficiently large adult population so are more suited to a secondary 
products based strategy where the high percentage o f older stock also serves as a breeding 
population. 
Site type (fig 49) 
The hi l l for t samples all appear to have quite similar mortality profiles except for differences in 
the level o f neonatal mortality. The samples f rom banjo enclosures exhibit mortality profile in 
keeping wi th those f rom hillforts, while the open and enclosed settlement categories exhibit a 
variety o f different mortality profiles, including some similar to the hi l l for t samples. The 
similarity o f the hi l l for t samples is probably the result o f regional similarity, as the majority o f 
h i l l for t samples used in this study come f rom the Wessex region. A separate examination o f 
the Wessex, Upper Thames Valley, and Eastern regional groups revealed no discernible 
relationship between mortality pattern and settlement type. 
Date (fig 50) 
There does not appear to be any link between date and choice o f cattle husbandry strategy. The 
samples f rom all Iron Age periods exhibit a variety o f different mortality patterns. There is 
possibly slightly less variation among the L I A samples but this is by no means indicative o f a 
uniform husbandry strategy. There are no relationships discernible at regional level. 
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Cattle: summary of site characteristics 
There are some associations between mortality pattern and particular site characteristics. 
However these mortality patterns are also closely linked with regional groupings so it is 
d i f f icu l t to determine whether the observed associations explain the regional groupings, or vice 
versa. There are intra-regional variations among the samples which cannot be explained by a 
direct relationship with a particular site characterisfic, although within most regions there do 
appear to be similarities in husbandry strategy. The main differences in husbandry strategy are 
to be observed between different regions. 
Conclusions 
It has been shown that different types o f tooth wear data can be converted into a similar format 
and used to produce reliable and informative comparisons o f mortality profiles for Iron Age 
pig, sheep and cattle. The comparisons have revealed a remarkable similarity in the mortality 
profiles o f pig throughout the Iron Age dataset, while analysis o f the sheep data has revealed a 
number o f interesfing intra-regional variations and cow data has revealed some distinct regional 
patterns. 
The pig mortality profiles can be readily explained in terms o f a husbandry strategy 
aimed exclusively at meat production. The sheep dataset shows more variation in choice o f 
husbandry strategy, but the majority o f mortality curves are in keeping with the proposed model 
o f a mixed husbandry regime closely related to arable production. The cattle mortality profiles 
are the most varied, but do appear to fal l into regional groups within which similar husbandry 
strategies are practised; a mixed/dairy strategy in Wessex, meat specialisation in the Upper 
Thames valley, and a mixed strategy in Eastern England. 
The differences in mortality profiles have been explained in terms of husbandry 
strategy although the reasons why different strategies were chosen at different sites are harder 
to explain. Analysis o f the different mortality patterns reveals no definite relationships with 
particular site characteristics that may have provided reasons for choice o f strategy. It is likely 
that a variety o f different factors influenced the specific details of husbandry strategy at 
different sites. While it is possible to attempt to explain the broad differences in Iron Age 
animal mortality profiles, explaining the smaller differences requires more detailed analysis of 
the faunal material, and further consideration o f different site characteristics. 
This study has successfully compared a number o f different types o f published tooth 
wear data, and has enabled recognition and interpretation o f the different husbandry strategies 
employed by Iron Age farmers to exploit their domestic herds. 
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Chapter 10 
Summary/Discussion: Animal Husbandry Regimes In Iron Age 
Britain 
The studies o f quantification, ageing, and to a lesser extent body part representation, for cattle 
sheep and pig have revealed a number o f interesting patterns within the Iron Age faunal 
assemblages examined. Certain groups o f Iron Age faunal assemblages exhibit similarities in 
species proportions and mortality patterns among the three main domesticates; these groups 
may coincide wi th particular regions, or with certain shared characteristics of the sites from 
which the faunal samples were recovered. The observed patterns have been interpreted in 
terms o f husbandry strategy. The interpretations o f species proportions and mortality profiles 
may be used together to provide models o f animal husbandry regimes throughout the British 
Iron Age. Not all regions possess sufficiently large datasets to allow new models of husbandry 
to be generated. Despite the lack o f data f rom some regions, it is possible to see whether the 
results o f this study support or contradict the models o f husbandry proposed in previous Iron 
Age overviews and regional comparisons. This chapter aims to summarise possible models of 
animal husbandry regimes that may explain the observed patterns o f species proportions and 
mortality profiles. The validity o f previous models o f Iron Age animal husbandry is tested for 
each region against the results o f this study. 
Regional Patterns 
Wessex and central Southern England 
The faunal dataset f rom Wessex and Central Southern England is the largest o f all the regions 
studied and provides sufficient information to allow detailed models o f husbandry strategy to 
be proposed. The Iron Age faunal samples from around Britain exhibit a range of species 
proportions, within which the Wessex samples exhibit a narrower range; they tend to have 
higher percentages o f sheep than cow, with consistently low percentages o f pig. Sheep are well 
suited to the chalk downland pastures, whereas cattle are less suited to the dry, high ground of 
the region which would account for the larger herds o f sheep. Sheep are also suited to 
integration into an arable economy, grazing on stubble and providing manure, and the evidence 
for extensive arable cultivation throughout Wessex might also explain why sheep were 
favoured. The apparent increase in the proportion o f sheep compared to cow from the Early to 
Late Iron Age may well be associated with an increase and intensification o f arable production 
f rom the Middle Iron Age onwards in Wessex. The model proposed to explain the increasingly 
uniform patterns among the Wessex sheep mortality profiles (chapter 9) is also that of an arable 
linked animal strategy. The cattle mortality profiles seem to suggest a concentration on 
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secondary products and the keeping o f older individuals which would fit in with the notion of 
small cattle herds which could not sustain continued culling o f prime beef aged stock and still 
retain reproductive viability. 
Both the species proportions and mortality profiles exhibit a certain degree of intra-
regional grouping among the Wessex samples, including an apparent increase in the importance 
o f sheep throughout the Iron Age period and definite splitting o f the sheep assemblages into 
two distinct groups wi th different rates o f yearling mortality. Despite these internal variations 
the majority o f Wessex faunal samples form a broadly similar cohesive regional group, 
suggestive o f a degree o f uniformity in husbandry strategy. The general model for Wessex is of 
a primarily sheep based arable linked animal economy, with cows o f secondary importance and 
then pigs. Sheep were important as an aid to arable cultivation and were probably grazed on 
the stubble during late autumn to clear and manure fields, yearlings were killed for meat before 
losing condition over winter and meat was also obtained f rom prime aged specimens, although 
sufficient older animals were maintained to provide a source of wool and possibly milk. Cattle 
appear to have been kept into old age, and although undoubtedly used as a source of meat were 
not in most instances managed specifically for beef Cattle were probably kept primarily as a 
source o f dairy products, as wel l as supporting the arable economy by providing manure and 
traction. Pigs were managed exclusively for meat. The results o f this study support similar 
models o f arable linked animal husbandry regimes previously proposed for the Wessex region 
(e.g. Cunl i f fe 1991 & 1993, and Grant 1984a, 1984b & 1991). However, there are a number of 
samples exhibiting oddities that do not fit the wider patterns o f husbandry observed. 
The Danebury samples exhibit species proportions and sheep mortality curves in 
keeping wi th the samples f rom other Wessex sites, but cattle mortality curves indicate a higher 
incidence o f neonatal/ infant individuals than in other samples. This high incidence of very 
young cattle may well be the result o f good preservation and retrieval, a suggestion supported 
by the high % occurrence o f all the skeletal elements including those o f small size and low 
survivability in the Danebury sample. As indicated in chapter 4, it is not possible to compare 
directly the skeletal element representation at different sites but it is plausible that the 
differences in the incidence o f neonates/infants among the Wessex cattle samples may be due 
to taphonomic differences, rather than differences in husbandry strategy. Here the majority of 
Wessex cattle mortality profiles are interpreted as representing broadly similar husbandry 
strategies, the differences in infant mortality mainly the result o f taphonomic chance rather than 
human design. 
Both Grant (1984a) and Stopford (1987) interpret the high proportion o f infants as the 
result o f human activity; Grant argues for a specialised breeding centre, and Stopford for 
seasonal occupation. The results o f this study fai l to support either theory as both presuppose 
the presence o f contemporary sites wi th contrasting cattle mortality profiles, either as the 
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recipients o f stock f rom the breeding centre, or the sites occupied during the remaining seasons. 
This would mean that a number o f the Wessex sites (the implication being in both models the 
non-hil lfort sites) would exhibit complementary cattle mortality profiles that differ from the 
Danebury material. There is no evidence for any difference in mortality pattern between the 
h i l l fo r t and non-hillfort sites as both exhibit similar mortality f rom wear stage B onwards, and 
a selection o f both groups exhibit stage A mortality. 
There are other differences within the Wessex faunal assemblages beyond variation in 
cattle infant mortality. The Groundwell Farm sample contains a substantially higher 
percentage o f pig than is seen in any o f the other Wessex samples, although there are 
insufficient data to determine whether the mortality profiles o f the three main domesticates also 
differs f rom those o f the other Wessex samples. The samples f rom Meare contain the high 
percentages o f sheep and low percentages o f cattle seen in other Late Iron Age Wessex 
samples, and the sheep and pig mortality profiles are also similar to other Wessex sites. 
However the cattle mortality profile is distinctly different, showing almost exclusively sub-
adult (prime beef) individuals. The different nature o f Meare when compared to other 
assemblages f rom the region may be the result o f choice o f in husbandry strategies associated 
wi th its wetland environment such as seasonal occupation and transhumance. 
I t is apparent f rom these outlying samples that none o f the proposed models are 
universally applicable across the region, although the similarity o f the majority o f samples 
indicates a degree o f uniformity in the animal husbandry strategies o f Iron Age Wessex. The 
mortality patterns o f sheep, cattle and pig remain quite consistent throughout the dataset, the 
main differences being the relative species proportions which appear to differ according to the 
type o f site and show a definite increase in the importance o f sheep throughout the Iron Age, 
possible in conjunction wi th an intensification o f arable husbandry. 
Upper Thames Valley and surrounds 
The Upper Thames Valley faunal assemblages do not share with Wessex the same trend of 
increasing percentages o f sheep through the Iron Age. Indeed, there does not appear to be any 
recognisable relationship between date and either species proportions or mortality profiles, 
although there are too few samples o f different periods to rule out the possibility completely. 
The Upper Thames Valley dataset is much smaller than that f rom the Wessex region and most 
o f the sites yielding faunal samples share similar geology, topographical location, date and 
settlement type, which means any intra-regional differences in husbandry strategy cannot be 
reliably linked to differences in site characteristics. With the exception o f Ditches Hi l l fo r t (an 
outlier in terms o f geographical, geological, and topographical location, date and site type) the 
Upper Thames Valley samples form a coherent group with similar species proportions and 
mortality patterns, as wel l as similar site characteristics. 
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The main intra-regional variation is in the cattle mortality profiles which show intense 
culls at different ages in different samples. Although these are significant differences in the 
details o f herd management, the differences in terms o f general husbandry strategy are small; 
all heavy culls are o f prime meat aged individuals even i f o f different age groups within that 
range. The sheep mortality profiles also fal l into separate intra-regional groups with different 
levels o f mortality in the 6-12 month age group, although as with cattle the general sheep 
husbandry strategy is broadly similar throughout the dataset. Pig mortality profiles do not form 
any distinct intra-regional groups and reveal a consistent meat based husbandry strategy 
throughout the region. The Upper Thames Valley samples exhibit a continuous range o f 
broadly similar species proportions with no evidence o f any separate intra-regional grouping. 
A l l samples have low percentages o f pig and roughly equal percentages o f sheep and cattle 
remains. Despite some slight differences in the sheep and cattle mortality profiles the results o f 
this study indicate the adoption o f broadly similar animal husbandry strategies across the 
region. 
A n inter-regional comparison of the Wessex and the Upper Thames Valley samples reveals 
both similarities and differences in the husbandry strategies o f the two regions. The sheep 
mortality profiles f rom the two regions are alike even to the extent o f the same distinct intra-
regional grouping. The similar sheep mortality patterns together with evidence for the 
importance o f arable husbandry (Jones 1984a) suggest the Upper Thames Valley sheep were 
exploited in the same way as the model proposed for the Wessex sheep. Although there is 
some overlap o f species proportions, the Upper Thames Valley sites generally have higher 
percentages o f cow and lower percentages o f sheep than the Wessex samples. This may 
indicate either lesser importance o f sheep or a greater importance o f cattle. The similarities in 
all other aspects o f sheep samples in the Upper Thames and Wessex regions might suggest that 
the differences in species proportions reflect a difference in the importance o f cattle rather than 
a difference in sheep husbandry. This is supported by the cattle mortality profiles which show 
significant differences in cattle husbandry strategies between the two regions. 
The cattle husbandry strategy proposed for the Upper Thames valley region is one o f 
exploitation primarily for meat with a small percentage o f individuals kept into old age for 
breeding purposes, as a source o f milk, and to support the arable economy with traction and 
manure. I t is probable that this pattern o f herd management would require reasonably large 
herds in order to sustain the high levels o f sub-adult (prime beef) mortality and still retain a 
viable herd structure. Although percentage representation o f different species in a faunal 
sample cannot be directly related to herd size it can provide some indication o f their relative 
occurrence, and the higher percentages o f cattle in the Upper Thames Valley samples is in 
keeping wi th the model o f large cattle herds. This is in contrast to the model proposed for the 
Wessex samples where the low percentages o f cattle are interpreted as reflecting small herds, a 
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notion supported by the mortality profiles which show the high proportions of older animals 
necessary to maintain the reproductive potential o f small herds. 
The model o f animal husbandry strategy proposed for the Upper Thames Valley during 
the Iron Age is o f a broadly uniform strategy similar to that o f the Wessex sites with respect to 
pig and sheep, but with larger cattle herds and a greater emphasis on husbandry for beef As 
suggested by Grant (1984b), these inter-regional differences in animal husbandry strategy may 
be related to the landscape and environment o f the two regions. The Wessex samples come 
primarily f rom chalk downland sites situated over 75m OD, while the Upper Thames Valley 
samples come f rom river valleys or gravel terraces below 75m OD. The lower lying river 
valley pastures, having a permanent water supply close by, are more suited to cattle than the 
chalk downlands as cattle are required to drink large amounts o f water twice daily. Sheep are 
less wel l suited to the river valley pastures as they are susceptible to liver fluke and foot-rot 
when kept on damp ground. Being drier the chalk downland pastures are much more suited to 
sheep, which can obtain sufficient water just f rom grazing. The Upper Thames Valley sites 
therefore had the potential to sustain larger herds o f cattle than the Wessex sites whose higher 
pastures were more suited to keeping sheep. 
The results o f this comparative study do lend support to some previous interpretations of Iron 
Age animal husbandry, although the validity o f other models is d i f f icu l t to establish. The 
relative proportions o f cattle and sheep remains in both the Wessex and Upper Thames Valley 
samples support Grant's argument for a relationship between landscape and husbandry regime 
in the two regions. Although, without sufficient mortality profiles from low lying Wessex sites 
and higher Upper Thames Valley sites to test the hypothesis, it is equally possible that the 
different husbandry strategies are related to other regional characteristics. Lambrick's (1992) 
model o f Iron Age farming on the Upper Thames gravels is d i f f icul t to test since there are 
insufficient numbers o f samples o f different date to determine whether or not the faunal 
remains reflect the proposed Middle Iron Age intensification and increased production and 
development o f specialised husbandry strategies from EIA to L I A . The intra-regional variation 
wi th in the cattle mortality profiles may be indicative o f variation in animal husbandry strategy 
and the reasonably high percentages o f cattle may reflect the development o f specialised 
pastoral farming. However without evidence of changes in animal husbandry strategy over 
time or a decrease in arable farming at certain sites, this study can neither support or disprove 
Lambrick's model. Cunl i f fe (1991) argues that in his Midlands region, which includes the 
Upper Thames Valley, "evidence for animal husbandry....does not differ significantly f rom that 
o f the Wessex region" (ibid. 392). Despite overlapping ranges o f species proportions and 
similar treatment o f sheep and pig, Cunliffe 's argument is refuted by the different cattle 
husbandry strategies revealed in the samples f rom these two regions ( c f Maltby 1996). 
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Eastern England and East Anglia 
The faunal samples f rom Eastern England and East Anglia share similarities in species 
proportions. The two main outlying samples have relatively high percentages o f pig remains, a 
characteristic which may be associated with high status or romanised sites as both come f rom a 
major Late Iron Age/Early Romano-British settlement complex ( c f King 1988). The majority 
o f the Eastern samples have high percentages o f cow (>40%)and form a reasonably cohesive 
group distinct f rom the Wessex and Upper Thames Valley samples. The importance o f cattle 
as part o f the animal economy does not appear to be linked with low lying sites as suggested 
for the Upper Thames region; sites both above 76m OD and below 25m OD all show an 
emphasis on cattle over sheep. The sheep mortality profiles show a little more intra-regional 
variation than those f rom Wessex or the Upper Thames Valley, although the eastern samples 
do not fa l l into two distinct intra-regional groups. Some mortality profiles indicate sheep 
husbandry strategies similar to those o f Wessex and the Upper Thames Valley, although sheep 
obviously contributed substantially less to the animal economy o f sites in the Eastern region. 
Other sheep mortality profiles f rom the region suggest exploitafion o f animals after their first 
year for meat, and possibly wool and manure. The cattle mortality curves also vary, although 
the overall pattern o f cattle husbandry seems to be o f mixed strategies utilising sub-adults for 
beef and older animals for secondary products. 
I t is apparent f rom the results o f this study that the models o f husbandry proposed for 
Wessex and for the Upper Thames Valley are not applicable to the Eastern region. Sheep may 
have played an important role in the economy o f the region as a support to arable cultivation, or 
as a source o f meat and wool, but that role was small compared to the contribution f rom cattle. 
Cattle husbandry strategies did not concentrate on a single product, rather cattle were managed 
for a mixture o f primary and secondary products. Within this broad model o f mixed cattle 
husbandry there is scope for a variety o f strategies with varying emphases on different 
products. I t is impossible to determine the arable strategy o f the region f rom the Iron Age 
faunal remains, however it is possible that the differences in animal husbandry regimes 
between the Eastern and Southern regions may reflect differences in the arable economies. The 
smaller populations o f sheep mean that any support o f arable cultivation by the animal regime 
would be likely to involve cattle to a greater extent than in other regions where cattle were less 
important. The diverse landscape o f the Eastern region may also contribute to the variation in 
husbandry strategies; the region encompasses land above and below the 75m contour as well as 
coastal and fenland environments, all o f which may have influenced the choice o f husbandry 
strategy at local level. 
There is a dearth o f previous models o f animal husbandry strategy in Eastern England 
and East Anglia wi th which to compare the results of this study. Cunliffe 's (1991) review o f 
Iron Age husbandry strategies in different areas o f Britain largely overlooks this region. 
Champion (1994) suggests that the Iron Age agricultural economy o f Eastern England mainly 
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involved production at local level, and that the Middle Iron Age possibly heralded a 
reorganisation o f the agricultural economy. However, this model concentrates primarily on the 
non-faunal material as Champion maintains there is little available Iron Age faunal evidence 
f rom the region. Although not as large as the Wessex dataset, there is still sufficient 
quantification and tooth wear data to allow some analysis o f the animal economy of the region. 
I t is probably a consequence o f the domination o f Wessex in Iron Age research that there is not 
more consideration o f the animal husbandry strategies of Eastern England in the existing 
literature. 
Other Regions 
The lack o f detailed models o f animal husbandry regimes is even more apparent for the rest o f 
Britain. The absence o f models is partly due to the fact that there is less Iron Age faunal 
material recovered f rom northern and western regions because o f poorer preservation 
conditions than are prevalent in the south east, but the problem is compounded by a 
concentration o f archaeological research on Wessex and the south east. Despite this apparent 
bias there were sufficient samples f rom northern and western regions for a comparative study 
o f species proportions. There is the tacit assumption in many Iron Age overviews that it is 
possible to extrapolate husbandry regimes for most of Britain f rom those regions with large 
amounts o f faunal data; this assumption is clearly misguided as the results o f this comparative 
study show differences in faunal assemblage composition indicative o f regional differences in 
animal husbandry strategy. The main limitation to providing detailed models o f animal 
husbandry for these regions is the lack o f sufficient numbers o f mortality profiles. Although 
there is insufficient tooth wear data to allow detailed analysis o f herd management it is still 
possible to use to species proportions to infer something o f the animal husbandry strategies 
adopted in the northern, western, and midlands regions. 
The samples f rom the Midlands, region have species proportions similar to those o f the 
Upper Thames Valley sites, although there is a little more variation in the relative importance 
o f pig among the midlands samples. Cunliffe (1991) includes the Upper Thames Valley as part 
o f the Midlands region but although the species proportions are similar, without mortality 
curves to compare it is impossible to say whether the Upper Thames valley model is applicable 
to any o f the Midlands samples. As with the Upper Thames Valley samples, there is some 
overlap o f the Midlands species proportions with those o f the Wessex samples but there is no 
indication to suggest the Wessex model is applicable to the Midlands region. Knight (1984) 
proposed a model for part o f the Midlands region, suggesting a mixed Iron Age economy with 
later expansion and intensification o f stock rearing and an increase in the emphasis on 
secondary products f rom sheep. Again, in the absence of age profiles it is impossible to test the 
validity o f this model using the existing published faunal evidence f rom the region. 
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The Western England and Wales samples also fa i l to provide sufficient mortality 
curves to enable a detailed analysis o f animal husbandry strategies. The region covers a large 
geographical area with a number o f very different environments including a mountainous 
region in central Wales, for which Cunliffe proposed a pastoral economy, and peripheral lower 
lying coastal and inland areas which Cunliffe suggests practised a mixed farming strategy. 
Unfortunately there are insufficient samples from across the region to see whether there are 
significant intra-regional differences in husbandry related to landscape and environment. Also, 
examination o f the faunal material alone cannot determine the relative economic importance o f 
arable and pastoral husbandry at a site which means the results o f this study cannot be used to 
test the validity o f Cunliffe 's model for the region. What is apparent from the analysis o f 
species proportions is that pig is much more important in the Western samples than in those 
f r o m other regions. The higher percentages of pig are a distinct feature o f the Western samples 
and indicates a pattern o f husbandry different to those seen in other regions. High incidence o f 
pig may be interpreted in a number o f ways; a dietary preference, high status sites, presence o f 
surrounding woodland, or a variety o f other suggestions may account for the numbers o f pig, 
but all require further cultural and environmental evidence as support. Whatever the 
explanation for the observed species proportions, it should be remembered that the samples are 
all f rom hillforts and should not be considered representative o f the Western region as a whole. 
Northern England and Southern Scotland is another large geographical region with 
highland, lowland and coastal environments. The broad range o f species proportions exhibited 
by the faunal samples suggests a broad diversity o f husbandry strategies throughout the region, 
although the lack o f mortality profiles prevents the development o f detailed models o f animal 
husbandry strategy. Many northern sites have provided evidence o f extensive arable 
cultivation (Van der Veen 1992), and Piggott's (1958) model o f a purely pastoral economy for 
the whole o f northern and western Britain has long since been disregarded. However, further 
faunal data is required to establish the nature of animal husbandry within the region. 
Additional faunal analyses might also be used to examine whether the preservation biases that 
have resulted in such small datasets f rom Northern and Western Britain have also influenced 
the composition o f the surviving bone assemblages. 
This comparative study has provided a number o f insights into the animal husbandry regimes 
practised in Iron Age Britain. The Iron Age animal economy appears to have focused on sheep 
and/or cattle, wi th some exploitation o f pig. Cattle and sheep appear to have been managed for 
a variety o f primary and secondary products; some mortality profiles are indicative o f more 
specialised strategies concentrating on a particular product although probably not to the 
exclusion o f all others. A number o f distinct regional groups were recognised within the 
overall range o f species proportions and mortality profiles. As well as inter-regional variation, 
a number o f intra-regional patterns were also distinguishable, particularly within the large 
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dataset f rom Wessex. The results o f this study have been used successfully to generate new 
models o f animal husbandry strategy, and to determine the validity of a number of previous 
models o f animal husbandry for Wessex and the Upper Thames Valley. Analysis of the fauna! 
evidence f rom all regions has provided information concerning the diversity or uniformity of 
husbandry strategies both within and between regions. Although there are insufficient data to 
generate detailed models o f animal husbandry for all o f Iron Age Britain, the results o f this 
comparative study do provide a summary o f the existing faunal evidence and also highlight 
gaps in our knowledge that may be used to direct further research. 
Future work 
As a result o f undertaking this comparative analysis o f faunal assemblages some suggestions 
can be made concerning the direction o f further research into animal husbandry regimes in Iron 
Age Britain. These include expansion o f the faunal dataset by excavation targeting particular 
regions and types o f site, and more detailed analysis of the existing faunal material. Ideally 
more faunal assemblages should be recovered f rom the Northern and Western regions and the 
Midlands. I t is these areas in particular that require expansion o f the faunal dataset in order to 
increase our knowledge o f regional patterns of husbandry. There is the potential for expanding 
the Iron Age dataset without further excavation simply by ensuring all existing assemblages are 
analysed and the results published; analysis and publication o f the Staple Howe animal bones 
and publication o f the Broxmouth faunal assemblage would further our knowledge of animal 
husbandry strategies in the Northern region. 
As well as increasing the number o f faunal samples from regions with small Iron Age 
datasets, thoughtful expansion o f larger regional datasets could also benefit our understanding 
o f regional husbandry strategy. For example, expanding the Upper Thames valley dataset to 
include assemblages f rom upland sites (over 75m OD) and the Wessex dataset to include lower 
lying sites (below 75m OD) would provide the means o f testing the hypothesis that differences 
in topographical location and landscape is the main reason for the differences in husbandry 
strategy between the two regions. The large proportion o f samples from above 75m OD in the 
Wessex dataset may well be the result o f past research focusing on hillforts. The Danebury 
environs project may help redress the balance somewhat by concentrating on non-hillfort sites, 
as wel l as shedding light on the patterns o f animal husbandry strategy of inter-related sites. 
Adding new faunal assemblages to the existing Iron Age dataset is desirable but further 
analysis o f the existing material would also increase our understanding o f animal husbandry 
strategies. In particular a more detailed analysis o f tooth eruption and wear data could be 
undertaken to test for evidence o f seasonal activity, and selective culling o f same-aged cohorts. 
I t has been suggested that some Iron Age sites, in particular Danebury and Meare, were foci of 
seasonal activity (Stopford 1987). Use o f established methods of examining juvenile dentition 
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for evidence o f seasonality (e.g. Legge & Dorrington 1985; Legge et al 1992) could determine 
whether any Iron Age faunal assemblages showed signs o f enhanced seasonal activity. 
The scope o f this study was limited to the three main Iron Age domestic species: cattle, 
sheep, and pig. In addition to undertaking more detailed analysis o f these three species, future 
studies should include all species commonly found on Iron Age settlement sites. The socio-
economic role o f other domestic species, such as horse and dog, and how this relates to the 
cattle, sheep and pig husbandry regimes would be an important extension o f research into Iron 
Age domestic animal husbandry. The treatment o f w i ld species, both marine and terrestrial, 
and their economic contribution is another aspect o f Iron Age animal economies worthy o f 
further consideration. 
Another area o f particular importance highlighted by this study is the need to recognise 
the effects o f taphonomic bias on an assemblage. Future comparative studies o f Iron Age 
animal husbandry strategies should involve some means o f filtering out the effects o f 
taphonomic influences on the composition o f an assemblage. This is necessary in order for 
differences between faunal samples to be reliably interpreted in terms o f differences in 
husbandry strategy, rather than being masked by the effects o f differing taphonomic histories. 
Other reviews o f Iron Age faunal evidence call for more intra-site analysis o f faunal 
assemblages (e.g. Grant 1984b, Maltby 1994 & 1996). Intra-site analysis involves 
consideration o f subsets o f the faunal assemblage, comparing the composition o f the faunal 
samples f rom different context types and different areas across the site. While it is important 
to obtain as much detailed information as possible about each sites assemblage, there is a 
danger o f concentrating too much on individual sites rather than groups o f sites. 
Understanding o f animal husbandry strategy need not be limited to individual sites; inter-site 
and inter-regional studies are essential to further our understanding o f husbandry regimes. 
Production may have been at local level at the majority o f Iron Age sites, but interaction 
between sites and broader regional environmental and cultural factors influencing husbandry 
strategy can not be recognised without comparing several sites. However, intra-site analysis of 
faunal material can be used to further understanding o f animal husbandry beyond that o f the 
individual site. The more information that is available about individual faunal assemblages, the 
more detailed inter-site comparisons can become. Therefore more detailed intra-site analysis 
should be undertaken to further our understanding o f Iron Age animal husbandry at individual 
sites and at a broader regional level. 
Various suggestions have been given above for future work that may further our understanding 
o f animal husbandry strategies as inferred f rom archaeological faunal assemblages. The faunal 
evidence alone can provide a great deal o f information about the animal economy, as this study 
has shown. However there are other sources o f environmental and cultural evidence that may 
be used in conjunction with animal bones to provide further information about animal 
166 
husbandry. For a fuller understanding o f Iron Age animal husbandry it is important to consider 
how the animal and plant husbandry strategies interacted, and the relative importance o f arable 
and pastoral contributions to the economy. Animal husbandry and arable cultivation are often 
closely linked and the arable strategy may well have influenced, or been influenced by, the 
choice o f animal husbandry strategy. The animal economy represents only one part o f a larger 
whole, and it is important to bear this in mind when attempting to reconstruct Iron Age animal 
husbandry regimes. 
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Chapter 11 
Methods: Evaluation And Future Direction 
The aim o f this study, to produce reliable comparisons o f published faunal assemblages from 
Iron Age Britain, has been achieved using a combination o f different methods. The main 
principle behind the choice o f methodology was that it should compare existing published data 
using straightforward visual comparisons to recognise trends and patterns that could be 
interpreted in terms o f strategies o f animal husbandry. The comparative study was aimed at 
highlighting and explaining differences in the composition o f faunal assemblages, and 
recognising broad similarities within and between regional groups o f faunal samples. It is 
important to assess how successful the methods have been in helping achieve these aims, and to 
propose further work that could benefit future comparative faunal studies. This chapter w i l l 
discuss the suitability o f the methodology for comparing the available British Iron Age faunal 
data, and how applicable these methods are to comparative studies o f faunal material f rom 
other periods or geographical locations. The particular problems in applying these methods to 
Iron Age data w i l l also be discussed, together with suggestions for improving the comparability 
o f future published faunal material. 
Identification of trends and outliers 
The methods used to compare both quantification and ageing data successfully distinguished a 
number o f groups o f samples with broad similarities, and allowed easy recognition of the 
outlying samples. Several inter- and intra-regional patterns o f species proportions were 
recognised. These include regional characteristics such as the predominance of sheep in the 
samples f rom Wessex; the predominance o f cattle in the Eastern samples; the higher incidence 
o f pig in the samples f rom Wales and Western England; and intra-regional trends such as the 
increase in the percentage o f sheep in the Wessex samples f rom the Early to Late Iron Age 
periods. Clear patterns also emerged f rom the analysis o f tooth wear data; distinct regional 
differences in cattle mortality profile were apparent between the Wessex and Upper Thames 
valley samples, and within the Wessex and Upper Thames Valley sheep samples two distinct 
intra-regional groups with different levels o f stage C mortality were also visible. The methods 
also differentiated between regional groups and a number o f outliers; analysis o f species 
proportions revealed abnormally high percentages o f pig in the samples from Puckeridge-
Braughing and Skeleton Green in the Eastern region, while the cattle mortality profile f rom the 
one low-lying wetland site at the outskirts o f the Wessex and central southern England region 
(Meare) was distinctly different f rom the broadly similar patterns o f the other Wessex samples. 
Visual analysis o f the data proved very effective; it was possible to pick out regional 
groups, intra-regional trends and outlying samples. Visual analysis o f tripolar graphs and 
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mortality profiles to recognise patterns in the data and determination o f the strength o f these 
relationships is, however, subjective. Given this, and the tendency for ranges o f species 
proportions and patterns o f mortality o f different inter- and intra-regional groups to overlap, it 
is not always possible to accurately define the parameters o f the different groups. The patterns 
most clearly visible have little overlapping o f values with other groups and contain lots o f 
samples to show repetifion o f the trend. How clearly visible a pattern is provides the only 
indication o f the strength o f the trend or relationship; the subjective nature o f visual analysis 
means it is not possible to quantify to what extent an observed pattern is real or due to chance. 
Despite the subjective nature o f visual assessment, it is unlikely that the use o f 
objective statistical methods o f analysis could have contributed any more to this comparative 
study o f Iron Age faunal assemblages. Much o f the available data is unsuitable for use in 
statistical tests, either because sample sizes are too small or because the effects o f different 
variables are impossible to quantify. For example the number o f ageable mandibles, n=7, used 
to generate the Farmoor sheep mortality profile is substantially lower than the recommended 
sample size o f 40+ for use in statistical analysis o f mortality profiles (Shennan 1988), 
I t is probable that the differences between samples from different groups are not 
statistically significant. However, it is not the degree to which samples differ that distinguishes 
one group f rom another but the homogeneity o f samples within those groups. The visual 
disfinctions between different groups are based on repeated observation o f certain 
characteristics in several faunal samples. A mortality curve f rom each o f the two groups 
observed within the Wessex sheep dataset would not appear significantly different according to 
a Kolmogorov-Smimov test, and it is unlikely that a visual assessment would register any 
major differences between the curves, as the overall shape o f the two curves would be broadly 
similar. Only when several curves are considered together does the dichotomy in stage C 
mortality levels become apparent. In this instance the differences in the samples are too small 
to be picked up by statistical analysis. Conversely, the differences in species proportions are 
too great; the internal variation in cattle, sheep, and pig proportions within a visually 
discernible group is often quite large, and it would not be surprising i f samples from within the 
same group had statistically significant differences in species proportions. Again, it is not the 
actual values that are important in recognising patterns but the grouping o f several broadly 
similar samples. A difference in the percentage o f each species in different samples o f 5-10% 
either way would probably register as statistically significant, but given the number o f potential 
biases affecting the composition o f faunal assemblages this level o f difference means very little 
in real terms. 
Published data: Limitations and recommendations 
In theory the methods used in this study provide a reliable means o f comparing different 
published faunal assemblages, and recognising inter- and intra-regional similarities and 
differences in assemblage composition that can be tested for relationships with a number o f 
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different site characteristics. These observations may then be used to build up a picture o f 
patterns o f Iron Age animal husbandry throughout Britain. In practice the successful 
application o f these methods is limited, in some cases severely, by the quality and quantity o f 
published bone reports. 
The fo l lowing section highlights some o f the main limitations o f using published data 
when attempting a comparative study o f British Iron Age animal husbandry, and 
recommendations are made for ways to improve the usefulness o f future faunal reports for 
research o f this sort. Many o f the problems encountered during the course o f this study are not 
specific to the British Iron Age. Recent regional reviews o f British environmental 
archaeological data throughout all periods f rom the Neolithic to Medieval undertaken by a 
number o f different analysts have all met with similar problems o f availability, accessibility 
and comparability o f published data (Dale Serjeantson & Sue Stallibrass pers. comm.). The 
majori ty o f limitations and recommendations discussed therefore apply to analyses o f faunal 
remains o f all periods f rom Britain and further afield. 
I t was mentioned in the previous chapter that the lack o f published faunal assemblages from 
particular regions was a barrier to our understanding of animal husbandry within these regions 
and throughout the whole o f Britain. There were also absences o f data within the published 
material that further limited the comparative analysis o f Iron Age faunal samples. The lack o f 
consideration o f skeletal element representation in many o f the reports provides a prime 
example o f how the quality o f individual bone reports limited this comparative study. This is a 
problem that also limited the effectiveness o f the comparative studies o f both quantification 
and ageing data. 
The method o f comparing skeletal element representation could not be successfully 
applied to Iron Age faunal assemblages. This failure was primarily due to the absence o f body 
part data in an appropriate format. Few Iron Age faunal reports consider skeletal element 
representation in any detail, i f at all . Thus the f u l l potential o f analysing the representation o f 
different body parts is not realised for the Iron Age material. Even when the representation o f 
different body parts is considered it is most often the NISP for each element which is recorded, 
not the M N E (cf. chapter 5 for details o f these quantification units). This is highly 
unsatisfactory as it means the effects o f differential transport, human and animal attrition, 
survival, and retrieval are likely to have been obscured by the effects o f differential 
fragmentation. I t is very probable that the proposed method o f comparing skeletal element 
representation would have been an effective means o f highlighting and comparing the effects 
o f taphonomic biases and human processing on different Iron Age faunal samples, had there 
been M N E data available. The methodological variation between analysts, the inappropriate 
format o f data, and the overall lack o f such information prevented the analysis o f skeletal 
element representation within the Iron Age dataset. 
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Future comparative studies o f Iron Age faunal material should aim to analyse the 
representation o f different skeletal elements to increase our general understanding o f the 
dataset and to tackle specific questions about the composition o f particular assemblages. 
Comparing the survival o f different elements between different species may serve to highlight 
differential preservation o f species which in turn would affect interpretation o f species 
proportions. Similarly skeletal element analysis may reveal the effects of retrieval bias against 
smaller elements, which might also be indicative o f a retrieval bias against smaller infant 
material, and this could effect the mortality profiles. Analysis o f body part might also indicate 
that certain species were present at a site primarily in the form o f meat joints, suggesting that a 
particular species was an imported food resource and not part o f the overall husbandry regime. 
Future analyses o f skeletal element representation may help determine whether the higher 
incidence o f the larger species (cow and pig) compared to the smaller sheep in the Western 
samples, the differences in neonatal/infant cattle mortality in the Wessex samples, and the 
almost complete absence o f anything other than prime meat aged cattle, sheep, and pigs in the 
West Stow assemblage, are the effects o f taphonomic bias or husbandry strategy. Consistent 
use and publication o f M N E data in faunal reports would enable this sort o f detailed analysis o f 
skeletal element representation to be undertaken. 
Ageing methods were seldom overlooked in the same way as body part representation, 
but the information given in the reports was not always in a useful format. Although ageing 
was considered in most reports, not all authors presented tooth wear data as some analyses 
were undertaken before established methods o f ageing f rom tooth wear had been developed. 
Even after the development o f these techniques, toothwear data is often absent from reports. 
Where dental eruption and wear is considered there are a variety o f different methods in use for 
analysing and presenting age data; this makes direct comparison o f the age data from different 
assemblages very di f f icul t . 
Use o f a consistent method for recording the state o f eruption and wear o f individual 
teeth, both loose and in mandibles, and publication of this raw data would solve the problem of 
comparability as the data would be available for later analysis using a single consistent 
methodology even i f different methods o f analysis were used in the original report. In the case 
o f cattle, sheep, and pig. Grant's (1975) method is probably the best way to record the state of 
eruption and wear in individual teeth and tooth groups; it provides a record o f eruption and 
wear that is suitable for use in all existing ageing methods based on the mandibular cheek teeth 
(e.g. Payne 1973, Maltby 1995a, & Ewbank et al 1964) including seasonality studies (e.g. 
Legge & Dorrington 1985). Also, using Grant's system, data can be easily presented in 
compact tables which is an advantage where publishing space is restricted. When one 
considers the amount o f space given over to publication o f measurement data in faunal reports, 
the addition o f a short appendix listing toothwear data does not seem unreasonable and would 
be greatly beneficial to subsequent faunal studies. 
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Quantification information is commonly available in published reports, but not always 
in a consistent format. Analysis o f species proportions would ideally have involved 
comparison o f M N E data, as would analysis of body part representation, but M N E has not yet 
been widely adopted by Iron Age faunal analysts so the more widely available NISP data was 
used to compare species proportions instead. The adoption o f new units o f quantification may 
aid interpretation o f species proportions within an assemblage, but the publication o f additional 
quantification data in established formats such as NISP w i l l enable direct comparisons with an 
existing large faunal dataset. 
The Iron Age faunal analysts use no consistent methodology, and this makes inter- site 
comparisons very d i f f icu l t . Unless comparable forms o f data are used, no reliable 
interpretations o f taphonomy or husbandry can be made. Often data from different 
assemblages may appear to be comparable when in actual fact it is not; for example, as 
explained in chapter 5, the term NISP may be applied to data obtained by a number o f different 
methods so comparing NISP data f rom different assemblages is not necessarily comparing like 
wi th like. A clear statement of all methods used to obtain data is an essential requirement o f all 
faunal reports i f there is to be the possibility o f ensuring that only truly comparable data is used 
in inter-site and inter-regional analyses. 
The publication or increased accessibility of raw data would also substantially improve 
the comparability o f different faunal assemblages. A number o f assemblages could not be 
included in comparative analysis o f quantification or ageing data because the final data format 
was not usable, even though earlier formats o f data used in the generation o f the final published 
results could have been used in this study. An example o f this is the tooth wear data f rom 
Stanwick (Rackham forthcoming) and Thorpe Thewles (Rackham 1987). In its final published 
format Rackham's wear data cannot be used to generate mortality curves that can be directly 
compared wi th those f rom other samples; however, initially wear was recorded according to 
Grant's (1975) methodology and in that state could have been used in this comparative study. 
In the same vein, reports which only give NISP for each species as a percentage and not as an 
actual number could not be included as there was no guarantee that the total NISP for cow, 
sheep, and pig was greater than the 300 specimens required for inclusion in the comparative 
analysis. Had the actual NISP been published in addition to the final calculated percentage the 
samples might not have been excluded. 
Access to more raw and intermediate data might also have enabled an analysis of 
skeletal element representation. The M N I for each species was calculated for many o f the Iron 
Age samples, and intermediate forms o f data used in calculating the M N l , i f accessible, could 
be used to show body part representafion. The M N I is calculated by determining the M N E o f 
the most commonly occurring skeletal element, and in order to determine which is the most 
commonly occurring skeletal element the M N E for different elements must be determined. I f 
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the M N E data was available for sufficient samples it might be possible to utilise it in a 
comparative analysis o f skeletal element representation. 
Often small faunal assemblages remain unpublished because the sample sizes involved 
are too small to enable reliable interpretation o f animal husbandry at the site. Although on 
their own small assemblages provide very limited information, use o f small assemblages in this 
study has shown that when compared to larger samples it may still be possible to recognise key 
similarities and differences among the faunal assemblages. Thus the inclusion o f a small 
sample in a comparative study may add to its interpretation. Inclusion o f small samples can 
also improve comparative studies by increasing the available dataset, provided the potential 
problems o f small sample bias are borne in mind and it is known which are the undersized 
samples. I t is therefore important that as well as improving the quality and quantity o f data 
f r o m large faunal assemblages, data f rom small assemblages is also made available by 
publication. 
While consistent use o f the same methodology would no doubt improve comparability o f 
published faunal analyses it is not a realistic long term solution to the problem. As new and 
better analytical techniques are developed they should be used in Iron Age faunal analyses; 
there is little merit in l imit ing the potential information available from faunal assemblages by 
continued use o f outdated methods simply because it ensures comparability. I t is 
recommended that all faunal reports give a clear explanation o f all methods used so that it is 
known exactly what the different forms o f data represent and how compatible they are. I t is 
also recommended that while new developments are to be encouraged, consistent 
methodologies are used where possible to aid comparability. Publication of, or improved 
access to raw and intermediate data would also prove a considerable aid to comparative studies 
o f the Brif ish Iron Age, and other faunal assemblages. Faunal data is a valuable source o f 
environmental evidence that should not be wasted; when consistent high quality reporting and 
accessibility o f data is maintained, archaeological faunal assemblages have the potential to 
broaden our understanding o f many aspects o f Iron Age society. 
Use of metliods outside the British Iron Age 
The purpose o f this study was to compare British Iron Age faunal assemblages; however it is 
hoped that the methods used to do this, or at least the principles behind them, may be 
applicable to faunal assemblages f rom other periods and locations. The main factor l imiting 
comparative analysis o f British Iron Age faunal samples is likely to pose a similar problem to 
other comparative studies, namely the lack o f sufficient data in appropriate comparable 
formats. Differences in the main animal species is the other main reason why direct 
applicafion o f the methods used in this study would not be possible. Where appropriate, 
different categories o f site characteristics may be substituted for geology, height, date and 
settlement type in order to test for relationships specific to the dataset. 
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NISP is probably the unit o f quantification most commonly used in faunal studies so 
the use o f NISP data in the comparison of species proportions f rom different assemblages 
would seem to be a broadly applicable method. I f another reliable method o f quantification, 
such as M N E , was more commonly used, the same principles o f comparing species proportions 
could sti l l be applied to the dataset, but using an alternative quantitative unit to NISP. The 
adaptability o f this method o f comparing species proportions using tripolar graphs for use with 
other faunal datasets is already well established. Prior to this study the method has been used 
in a number o f different comparative studies (e.g. King 1978 & 1984; Lepetz 1996), in 
particular the method was used to great effect in King's comparative study o f Romano-British 
faunal assemblages. The main problem in applying this method of comparing species 
proportions to alternative datasets arises i f the assemblages are not predominantly comprised o f 
the same three main species. I f there is a great deal o f variation in the main animal species, or 
i f more or less than three species tend to predominate, the use o f tripolar graphs to visually 
compare species proportions is not a suitable method o f analysis. However, the principle o f 
comparing the species composition o f faunal assemblages in order to recognise similarities and 
differences in husbandry regimes remains sound, even i f an alternative to tripolar graphs has to 
be found. 
The principle o f comparing mortality profiles o f each o f the main species in order to 
recognise patterns o f selective culling and herd management is also appropriate for use with 
other faunal datasets. In practise the method o f generating Payne style mortality curves from 
different types o f tooth wear data may only be used for sheep/goat, cattle or pig as the wear 
stages used and their duration are species specific. However the method may be adapted for 
any species which can be reliably aged by dental eruption and wear, and for which an 
appropriate timetable o f wear exists, provided tooth wear data has been recorded in a 
comparable format. In addition to the methods o f comparing species proportions and mortality 
patterns, provided there are sufficient samples with M N E data there is no reason why the 
method o f comparing skeletal element representation should not also be applicable to other 
datasets. 
The approach used in this comparative study would appear to be best suited to faunal 
datasets which are comprised mainly o f sheep, cattle and pig. Ideally datasets should be large. 
This ensures that any patterns within the dataset are repeated by enough samples to be easily 
recognised; as illustrated by the emergence o f clear intra-regional groups in the largest regional 
dataset (Wessex & central southern England, 55 samples). Intra-regional patterns within 
smaller regional datasets are however more ambiguous. Although the details o f each method 
may require some adaptation, the principles o f comparing species proportions, mortality 
patterns, and skeletal element representafion may be applied to any faunal dataset. 
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Summary 
This study has successfully developed a widely applicable methodology for the comparison o f 
published faunal data produced by different analysts using a number o f different methods. A 
need has been highlighted for a higher standard of treatment o f Iron Age faunal assemblages, 
including greater accessibility to raw and intermediate forms o f data, clear declarations o f all 
methods used and, where possible, production of comparable data by consistent use o f 
established methodologies. The methods used in this study may be used to compare published 
faunal data f rom other periods and regions, and are equally appropriate for use with fresh data. 
A number o f regional patterns o f husbandry strategy have been identified, some o f which are 
related to particular site characteristics. The results o f this study have enabled the testing o f old 
models o f animal husbandry regimes, and have allowed new models o f animal husbandry 
strategy to be put forward for the British Iron Age. 
175 
Bibliography 
Albarella U. 1997. The Iron Age animal bone excavated in 1991 from Outgang Road, Market Deeping 
(MAD 91), Lincolnshire. Ancient Monuments Laboratory Report 5/97. London. 
Armour-Chelu M . 1991. The faunal remains. In N Sharpies Maiden Castle: Excavations and Field 
Survey 1985-1986. English Heritage Archaeological Report 19: 139-151. London. 
Ashdown R and Evans C. 1981. The animal bones. In C Partridge Skeleton Green: A Late Iron Age 
and Romano-British site. Britannia Monograph 2: 205-235. 
Backway C. 1986. The animal bones, hi B J Coles, S E Rouillard and C Backway The 1984 
excavations at Meare. Somerset Levels Papers 12: 42-49. 
Bailey G N , Levme M A and Rogers S J Q. 1981. The faunal remains. In B J Orme, J M Coles, AE 
Caseldine and G N Bailey Meare Village West 1979. Somerset Levels Papers 1: 38-44. 
Bell M . 1996. Environment in the first millennium BC. hi T C Champion and J R Collis (eds.) 77;e Iron 
Age in Britain and Ireland: Recent Trends: 17-28. Sheffield. 
BersuG. 1940. Excavations at Little Woodbury, Wiltshire, part L Proceedings of the Prehistoric Society 6: 
30-111. 
Bery D. 1990. The mammal bones. In S Wrathmell and A Nicholson, Dalton Parlours Iron Age 
settlement and Roman Villa: 174-185. Wakefield: West Yorkshire Archaeological Service. 
Biddick K. 1984. Animal bones from the Cats Water subsite. In F Pryor Excavation at Fengate, 
Peterborough, England: The fourth report. Northamptonshire Archaeological Society 
Monograph 2: Microfiche, 245-275. 
BmfordLR. 1978. Nunamiut Ethnoarchaeology. New York. Academic Press. 
Binford L R and Bertram J B. 1977. Bone frequencies - and attritional processes. In L R Binford For 
theory building in archaeology: 77-153. New York. Academic Press. 
Brailsford J W. 1948. Excavations at Little Woodbury, part I I . Proceedings of the Prehistoric Society 14: 1-
23. 
Brailsford J W. 1949. Excavations at Little Woodbury, parts IV and V. Proceedings of the Prehistoric 
Society 15: 156-68. 
Brain C K. 1981. The hunters or the hunted? An introduction to African cave taphonomy. Chicago. 
University of Chicago Press. 
Brewster T C M . 1963. The excavation of Staple Howe. Winttingham: East Riding Archaeological 
Research Committee. 
Browne S. 1985. Animal bone. In O Bedwin and R Holgate Excavations at Copse Farm, Oving, West 
Sussex. Proceedings of the Prehistoric Society 51: 215-45. 
Buckland-Wright J C. 1987. The animal bones. In C Sparey Green Excavations at Poundbury, 
Dorchester, Dorset, 1966-1982. VoLl: The settlements. Dorset Natural History and 
Archaeological Society Monograph 7. Microfiche 4: A1-D14. 
Bull G and Payne S. 1982. Tooth eruption and epiphyseal fusion in pigs and wild boar. In B Wilson, C 
Grigson and S Payne (eds.) Ageing and sexing animal bones from archaeological sites. BAR 
Intemational Series 109: 55-72. Oxford. 
176 
Bunting G H, Verity D W and Cornwall I W. 1963. Animal bones from Bury Wood Camp, (seasons 
1959; 1960). In G King Bury Wood Camp: Report on excavations, 1960. Wiltshire 
Archaeology and Natural History Magazine 58: 204-208. 
Burnett D P. 1993. Animal bones from MK19. In R J Williams Penny land and Hartigans: Two Iron 
Age and Saxon sites in Milton Keynes. Buckinghamshire Archaeological Society Monograph 4: 
199-206. 
Carter P L, Phillipson D and Higgs E S. 1965. Faunal report. In F A Hastings Excavations of an Iron 
Age farmstead at Hawks Hill , Leatherhead. Surrey Archaeological Collections 62: 1-43. 
Casteel R W. 1977. Characterisation of faunal assemblages and the Minimum Number of individuals 
determined from paired elements: continuing problems in archaeology. Journal of 
Archaeological Science A: 125. 
Champion T. 1994. Socio-economic development in Eastern England in the First Millennium EC In K 
Kristiansen and J Jensen (eds.) Europe in the First Millennium BC Sheffield Archaeological 
Monographs 6: 125-144. Sheffield. 
Chaplin R E and McCormick F. 1986. The animal bones. In I M Stead and V Rigby Baldock: The 
excavation of a Roman and Pre-Roman settlement 1968-72. Britannia Monograph 7: 396-415. 
Clutton-Brock J. 1982. The animal bone (appendix 1). In B T Perry Excavations at Bramdean, 
Hampshire 1973 to 1977. Proceedings of the Hampshire Field Club and Archaeological Society 
38: 57-74. 
Clutton-Brock J, Dennis-Bryan K, Armitage P L and Jewell P A. 1990. Osteology of the Soay sheep. 
Bulletin of the British Museum of Natural History (Zoology Series) 56(1): 1-56. 
Coombs D G. 1976. Excavations at Mam Tor, Derbyshire 1965-1969. hi D W Harding (ed.) Hillforts: 
Prehistoric earthworks in Britain and Ireland: 147-152. London: Academic Press. 
Coy J. 1981. The animal bones. InCGmgel Excavation of an Iron Age Enclosure at Groundwell Farm, 
Blunsdon St Andrew, 1976-7. Wiltshire Archaeology and History Magazine 76: 68-72. 
Coy J. 1987a. Animal bones. In P J Fasham A Banjo enclosure in Micheldever Wood, Hampshire. 
Hampshire Field Club Monograph 5: 45-53. 
Coy J. 1987b. The anknal bones. In P J Woodward The excavation of a Late Iron Age settlement and 
Romano-British industrial site at Ower, Dorset Romano-British industries in Purbeck. Dorset 
Natural History and Archaeological Society Monograph 6: 114-118. 
Coy J. 1987c. The animal bones and marine molluscs. In P J Woodward The excavation of an Iron Age 
and Romano-British settlement at Rope Lake Hole, Corfe Castle, Dorset. Romano-British 
Industries in Purbeck. Dorset Natural History and Archaeological Society Monograph 6: 125-
180. 
Crabtree P J. 1990. Faunal remams fi-om Iron Age and Romano-British features. In S West West Stow: 
the prehistoric and Romano-British Occupations. East Anglian Archaeological Report 48: 101-
105. 
Crabtree P J. 1994. Animal exploitation in East Anglian villages. \n i KacViidim {td.) Environment and 
economy in Anglo-Saxon England. CBA Research Report 89: 40-54. 
Cunliffe B W. 1982. Social and economic development in Kent in the pre-Roman Iron Age. In P E Leach 
(ed.) Archaeology in Kent to AD 1500. CBA Research Report 48: 40-50. 
177 
Cunliffe B W. 1984. Danebury: an Iron Age hillfort in Hampshire. Vol 2: the excavations 1969-78: the 
site. CBA Research Report 52. 
Cunliffe B W . 1991. Iron Age communities in Britain. 3Td edition. London. 
Cunliffe B W. 1992. Pits, preconceptions and propitiation in the British Iron Age. Oxford Journal of 
Archaeology 11: 69-83. 
Cunliffe B W . 1993. Wessex to AD WOO. Longman, London and New York. 
Cunliffe B W. 1995. Danebury: An Iron Age hillfort in Hampshire, vol.6. A hillfort community in 
perspective. CBA Research Report 102. 
Cunliffe B W and Phillipson D W. 1968. Excavations at Eldon's Seat, Encombe, Dorset. Proceedings 
of the Prehistoric Society 34: 191-237. 
Darvi l lTC. 1996. Prehistoric Britain. 2nd edition. London. 
Davis S J M . 1992. A rapid method for recording information about mammal bones from 
archaeological sites. Ancient Monuments Laboratory Report 71/92. London. 
Davis S J M . 1995. Animal bones from the Iron Age site at Edix Hill, Barrington, Cambridgeshire, 1989-91 
excavations. Ancient Monuments Laboratory Report 54/95. London. 
Dobney K and Jaques D. 1996. Mammal bones. In R J Williams, P J Hart and A T L WiUiams Wavendon 
Gate: A Late Iron Age and Roman settlement in Milton Keynes. Buckinghamshire Archaeological 
Society Monograph 10. 
Downey R, King A and Soffe G. 1979. The Hayling Island Temple: third interim report on the excavation 
of the Iron Age and Roman Temple 1976-9. 
Ducos P. 1968. L'origine des animaux domestiques en Palestine. Publications de I'lnstitut de 
Prehistoire de I'Universite de Bordeaux, Memoire Num. 6. Bordeaux, Delmas. 
Evans C and Serjeantson D. 1988. The backwater economy of a fen-edge community in the hon Age: the 
Upper Delphs, Haddenham. Antiquity 62: 360-370. 
Ewbank J M et al. 1964. Sheep in the Iron Age: a method of study. Proceedings of the Prehistoric 
Society 30: 423-426. 
Fell C 1. 1937. The Hunsbury Hillfort, Northants: a new survey of the material. ArchaeologicalJournal92: 
57-100. 
Ferrell G. 1997. Space and society in the Iron Age of north east England. In A Gwilt and C Haselgrove 
(eds.) Reconstructing Iron Age Societies. Oxbow Monograph 71: 228-238. Oxford. 
Field D. 1983. The Animal Bones. In D A Jackson The excavation of an Iron Age site at Brigstock, 
Northants. Northamptonshire Archaeology 18: 7-32. 
Fifield P W. 1988. The faunal remains. In T W Potter and S D Trow, Puckeridge-Braughing, 
Hertfordshhe: The Ermme Street excavations 1971-2. Hertfordshire Archaeology 10: 148-55. 
Fox A. 1961. South Western Hillforts. In S S Frere (ed.) Problems of the Iron Age in Southern Britain. 
London. Institute of Archaeology London Occasional Paper 11: 35-60. 
Fox C. 1938. The personality of Britain. 3 rd edidon. Cardiff 
178 
France N E and Gobel M . 1985. The Romano-British Temple at Harlow, Essex. Harlow: West Essex 
Archaeological Group. 
Gardner W and Savory H N. 1964. Dinorben: a hillfort occupied in Early Iron Age and Roman times. 
Cardiff 
Gebbels A. 1977. The animal bones. In M Bell Excavations at Bishopstone. Sussex Archaeological 
Collections US: 211-2%A. 
Gent H. 1983. Centralised storage in later prehistoric Britain. Proceedings of the Prehistoric Society A9: 
243-67. 
Gilmore F. 1969. The animal and human skeletal remains. In P J Woods Excavations at Hardingstone, 
Northants, 1967-8: 43-56. Northamptonshire County Council. Northampton. 
Gouldwell A J. 1992. The animal bone. In P Clay An Iron Age farmstead at Grove Farm, Enderby, 
Leicestershire. Transactions of the Leicestershire Archaeological Society 46: 58-69. 
Grant A. 1975. The use of tooth wear as a guide to the age of domestic animals - a brief explanation. In 
B Cunliffe Excavations at Portehester Castle Vol 1: Roman. Society of Antiquaries Research 
Report 32: 437-450. 
Grant A. 1981. The significance of deer remains at occupation sites of the Iron Age to the Anglo-Saxon 
period. In M K Jones and G W Dimbleby The environment of man. BAR British Series 87: 
205-212. Oxford. 
Grant A. 1982. The use of tooth wear as a guide to the age of domestic ungulates. In R Wilson, C 
Grigson and S Payne (eds.) Ageing and sexing animal bones from archaeological sites. BAR 
International Series 109: 91-108. Oxford. 
Grant A. 1984a. Animal bones. In B W Cunliffe Danebury: an Iron Age hillfort in Hampshire. Vol. 2: the 
excavations 1969-78: the finds. CBA Research Report 52(2): 496-547. London. 
Grant A. 1984b. Animal husbandry in Wessex and the Thames Valley. In B W Cunliffe and D Miles 
(eds.) Aspects of the Iron Age in Central Southern Britain. OUCA Monograph 2: 102-119. 
Oxford. 
Grant A. 1984c. Survival or sacrifice? A critical appraisal of animal burials in Britain in the Iron Age. 
In C Grigson and J Clutton-Brock (eds.) Animals and archaeology 4: Husbandry in Europe. 
BAR International Series 227: 221-227. Oxford. 
Grant A. 1988. Bone deposition and animal husbandry: the anunal bone remains. In B Cunliffe Mount 
Batten, Plymouth, a prehistoric and Roman fort. OUAC Monograph 26: 28-35. Oxford. 
Grant A. 1991. Animal bones, hi Q CunXiffs wad CPoolc Danebury: an Iron Age hillfort in Hampshire. 
Vol 5: the excavations 1979-88: the finds. CBA Research Report 73: 47-87. London. 
Grayson D K. 1984. Quantitative Zooarchaeology: topics in the analysis of archaeological faunas. 
Orlando Academic Press. 
Gregory 1. 1978. Animal bones. In M Oliver and B Applin Excavations at Rucstalls Hill , Basingstoke. 
Proceedings of the Hampshire Field Club and Archaeological Society 35: 41-92. 
HalsteadP. 1985. A study of mandibular teeth from Romano-British contexts at Maxey. InFPryorand 
C French Archaeology and environment in the lower Welland valley Vol 1. East Anglian 
Archaeology Report 27: 219-224. 
179 
Hambleton E. forthcoming. A method for converting Grant Mandible Wear Stages to Payne style Wear 
Stages in sheep, cow and pig. In A Millard (ed) Archaeological Sciences 1997: conference 
proceedings. BAR. 
Hambleton E and Stallibrass S. forthcoming. The faunal remains. In C C Haselgrove et. al. Excavations 
of the settlement enclosure complex at Fisher's Road East, Port Seton, East Lothian. 
Hamilton J. 1982. Re-examination of a sample of iron age sheep mandibles from Ashville. In R Wilson, 
C Grigson and S Payne (eds.) Ageing and sexing animal bones from archaeological sites. BAR 
International Series 109: 215-222. Oxford. 
HarcourtR. 1979. The animal bones. In G J Wainwright's, Gussage all Saints: An Iron Age settlement 
in Dorset. Department of Environment Archaeological Report 10: 150-160. London. 
Harman M . 1996. Animal remains. In J May Dragonby: Report on excavations at an Iron Age and 
Romano-British settlement in North Lincolnshire. Vol 1. Oxbow Monograph 61: 141-171. 
Oxford. 
Haselgrove C. 1982. Wealth, prestige and power: the dynamics of Late Iron Age political centralisation 
in south east England. In C Renfrew and S Shennan (eds.) Ranking resource and exchange: 79-
88. Cambridge University Press. 
Haselgrove C C. 1989. The later Iron Age in Southern Britain and beyond. In M Todd (ed.) Research 
on Roman Britain 1960-89. Britannia Monograph I I : 1-18. 
Haselgrove C C. forthcoming. Iron Age Britain and its European setting. In J R Collis (ed.) L 'Age du 
Fer sur la Manche. Proceedings X V I I I Colloque AFEAF, Winchester, 1994. Sheffield. 
Higgs E S and White. 1963. Autumn Killing. Antiquity 37: 282-2&9. 
Higham C F W. 1967. Appendix, Stock rearing as a cultural factor in prehistoric Europe. Proceedings 
of the Prehistoric Society 33: 84-106 
Hill J D. 1995a. The Pre-Roman Iron Age in Britain and Ireland (ca. 800 BC to AD 100): an overview. 
Journal of World Prehistory 9(1): 47-98. 
Hill J D. 1995b. Ritual and Rubbish in the Iron Age ofWessex. BAR British Series 242. Oxford. 
Hill J D. 1995c. How should we understand Iron Age societies and hillforts? A contextual study from 
southern Britain. In J D Hill and C G L Cumberpatch (eds.) Different Iron Ages: Studies on the 
Iron Age in temperate Europe. BAR International Series 602: 45-66. Oxford. 
Hingley R. 1984. Towards Social Analysis in Archaeology: Celtic society in the Iron Age of the Upper 
Thames Valley (400-0 BC). In B W Cunliffe and D Miles (eds.) Aspects of the Iron Age in 
Central Southern Britain. OUCA Monograph 2: 72-88. Oxford. 
Hodgson G. 1968. A comparative account of the animal remains from Corstopitum and the Iron Age site 
of Catcote near Hartlepool, Co. Durham. Archaeologia Aeliana 47: 127-62. 
Hogg A H A . 1977. Castle Ditches, Llancarfan, Glamorgan. Archaeologia Cambrensis \25: 13-39. 
Hohnes J. 1993. Animal bone. In R J Williams Pennyland and Hartigans: Two Iron Age and Saxon 
sites in Milton Keynes. Buckinghamshire Archaeological Society Monograph 4: 133-154. 
Holmes J and Rielly K. 1994. Animal bone from the mausoleum site. In R J Williams and R J Zeepvat 
Bancroft: A Late Bronze Age/Iron Age settlement, Roman villa and Temple-Mausoleum. Vol.2. 
Buckinghamshire Archaeological Society Monograph 7: 515-536. 
180 
Huntley J P and Stallibrass S. 1995. Plant and vertebrate remains from archaeological sites in Northern 
England: data reviews and future directions. Architectural and Archaeological Society of 
Durham and Northumberland Research Report 4. Durham. 
Isaac G L. 1967. Toward the interpretation of occupational debris: some experiments and observations. 
Kroeber Anthropological Society Papers 37: 31-57. 
Jackson D. 1993. Excavations of the hillfort defences at Hunsbury, Northampton, in 1952 and 1988. 
Northamptonshire Archaeology 25: 5-20. 
Jarman M , Fagg A and Higgs E S. 1968. Animal bones. In 1 M Stead An Iron Age Hillfort at 
Grimthorpe, Yorkshire, England. Proceedings of the Prehistoric Society 34: 182-189. 
Jewell P A et al. 1974. Island Survivors: The Ecology of the Soay Sheep of St Kilda. The Athlone Press, 
University of London. 
Jones M K. 1981. The development of crop husbandry. In M K Jones and G W Dimbleby (eds.) The 
environment of man: the Iron Age to the Anglo-Saxon period. BAR British Series 87: 95-127. 
Oxford. 
Jones M K. 1984a. Regional patterns in crop production. In B W Cunliffe and D Miles (eds.) Aspects of the 
Iron Age in Central Southern Britain. OUCA Monograph 2: 121-125. Oxford. 
Jones M K . 1984b. The plant remains. In B W Cunliffe Danebury: an Iron Age hillfort in Hampshire. Vol 
2: the excavations 1969-78: the finds. CBA Research Report 52(2): 483-495. London 
Jones M K . 1986. England Before Domesday. London: Batsford. 
Jones M K. 1996. Plant exploitation. In T C Champion and J R Collis (eds.) The Iron Age in Britain and 
Ireland: Recent Trends: 29-40. Sheffield. 
Jones R. 1977. Animal bones. In K Smith The excavation of Winklebury Camp, Basingstoke, 
Hampshire. Proceedings of the Prehistoric Society 43: 31 -129. 
Jones R. 1978. The animal bones. In D A Jackson and T M Ambrose Excavations at Wakerley, 
Northants, 1972-75. Britannia 9: 22,5-2^\. 
Jones R T, Sly J, Beech M and Parfitt S. 1987. Burgh, Suffolk: The vertebrate remains. Ancient 
Monuments Laboratory Report 14/87. London. 
Jones R T, Sly J, Beech M and Parfitt S. 1988. The animal bones. In E Martin Burgh: The Iron Age 
and Roman enclosure. East Anglian Archaeological Reports 40: Microfiche, A3-B6. 
Kenyon K. 1954. Excavations at Sutton Walls, Herefordshire, 1948-1951. Archaeological Journal 110: 
1-87. 
King A C. 1978. A comparative survey of bone assemblages from Roman sites in Britain. Bulletin 
Institute of Archaeology University of London 15: 207-232. 
King A C. 1984. Animal bones and the dietary identity of military and civilian groups in Roman Britain, 
Germany and Gaul. In T F C Blagg and A C King (eds.) Military and civilian in Roman Britain: 
cultural relationships in a frontier province. BAR British Series 136: 187-217. Oxford. 
King A C. 1988. A comment on the animal bones. In T W Potter and S D Trow, Puckeridge-Braughing, 
Hertfordshire: The Ermine Street excavations 1971-77. Hertfordshire Archaeology 10: 154-155. 
Klein R G and Cruz-Uribe K. 1984. The analysis of animal bones from archaeological sites. Chicago: 
University Chicago Press. 
181 
Knight D. 1984. Late Bronze Age and Iron Age settlement in the Nene and Great Ouse Basins. BAR 
British Series 130. Oxford. 
Lambrick G. 1992. The development of late prehistoric and Roman farming on the Thames gravels. In M 
Fulford and E NichoUs (eds.) Developing landscapes of lowland Britain; the archaeology of the 
British gravels. Society of Antiquaries London, Occasional Paper 14: 78-105. 
Lambrick G and Robinson M. 1979. Iron Age and Roman riverside settlements at Farmoor. CBA 
Research Report 32. 
Legge A J and Dorrington E. 1985. Harlow Temple: the animal bones. In E France and M Gobel The 
Romano-British Temple at Harlow, Essex. Harlow: West Essex Archaeological Group: 122-133. 
Legge A and Rowley-Conwy P. 1988. Star Carr Revisited. A re-analysis of the large mammals. 
University of London, Birkbeck College, Centre for Extra-Mural Studies. 
Legge A J, Williams J and Williams P. 1988. Animal remains from Blackhorse Road, Letchworth. In J 
Moss-Eccardt Archaeological investigations in the Letchworth area, 1958-1974. Proceedings of 
the Cambridge Antiquarian Society 77: 90-95. 
Legge A J, Williams J and Williams P. 1992. The determination of season of death from the mandibles and 
bones of the domestic sheep (Ovis aries). In R Maggi, R Nisbet and G Barker Archaeologia della 
Pastorizia nell Europa Meridionale vol 2. Rivista Studi Liguri A, 57: 49-65. 
Lepetz S. 1996. L 'animal dans la societe Gallo-Romaine de la France du Nord. Revue Archeologique 
de Picardie numero special 12. Amiens. 
LevineMA. 1986. The vertebrate fauna from Meare East 1982. Somerset Levels Papers 12: 61-7\. 
Levitan B. 1983. The animal remains. In A Saville, Uley Bury and Norbury hillforts. Western 
Archaeological Trust Monograph 5: Microfiche, C6-D5. 
Locker A. 1979. Animal bones. In D S Neal Excavations at Little Sombome and Ashley. Proceedings 
of the Hampshire Field Club and Archaeological Society 36: 91-144. 
Locker A 1984. The animal bone. In B Philps The Iron Age farmstead at Famingham Hill . Excavations 
in the Darent Valley, Kent. Kent Monograph Series Research Report 4. Microfiche, M1-M6. 
Lovett J. 1990. Animal bone. In J Dinn and J Evans Aston Mi l l Farm, Kemerton: Excavations of a 
ring-ditch. Middle Iron Age enclosures, and a grubenhaus. Transactions of the Worcestershire 
Archaeological Society 12(3): 48-54. 
Lyman R L. 1984. Bone density and differential survivorship of fossil classes. Journal of 
Anthropological Archaeology 3: 259-299. 
Lyman R L. 1985. Bone frequencies: differential fransport, in situ destruction, and the MGUl. Journal 
of Archaeological Science 12: 221-236. 
Lyman R L. 1993. Density-mediated attrition of bone assemblages: new insights. In J Hudson From 
bones to behaviour: 324-341. Centre for Archaeological Investigations Occasional paper No. 
21. Carbondale, Southern Illinois University Press. 
Lyman R L . 1994. Vertebrate Taphonomy. Cambridge manuals in Archaeology. Cambridge University 
Press. 
Madsen T. 1988. Multivariate Archaeology: Numerical approaches to Scandinavian archaeology. 
Aarhus University Press. 
182 
Maltby J M . 1981a. Iron Age, Romano-British and Anglo-Saxon animal husbandry: a review of the faunal 
evidence. In M Jones and G Dimbleby (eds.) The environment of man: the Iron Age to the Anglo-
Saxon period. BAR British Series 87: 155-204. Oxford. 
Maltby J M . 1981b. Animal Bone. In S M Davies Excavations at Old down Farm, Andover. Proceedings 
of the Hampshire Field Club Archaeological Society 37: 81-163. 
Maltby J M . 1984. The animal bones from the Iron Age settlement at Chilbolton Down. In R T Schadla-
Hall The excavation of an fron Age enclosure near Middle Bam Farm, Chilbolton, Hampshire, In 
P D Catherall, M Bamett and H McClean (eds.) The Southern Feeder: Archaeology of a gas 
pipeline: 109-113. British Gas Corporation. London. 
Maltby J M . 1985. The animal bones. In P J Fasham The Prehistoric settlement at Winnall Down, 
Winchester. Hampshire Field Club Monograph 2: 97-112. 
Maltby J M . 1986. The animal bones from the 1978 excavations of the Late Iron Age and Early 
Romano-British settlement at Abbotstone Down, near New Arlesford, Hants. Ancient 
Monuments Laboratory Report 58/86. London. 
Maltby J M . 1987. The animal bones from the excavations at Owslebury, Hants. An Iron Age and Early 
Romano-British settlement. Ancient Monuments Laboratory Report 6/87. London. 
Maltby M . 1994. Animal exploitation in Iron Age Wessex. In A P Fitzpatrick and E L Morris (eds.) 77!e 
Iron Age in Wessex: Recent work: 9-10. Winchester. 
Maltby J M . 1995a. Animal bone. In P J Fasham and G Keevil's Brighton Hill South (Hatch Warren): an 
Iron Age farmstead and Deserted Medieval Village in Hampshire: 49-56. Trust for Wessex 
Archaeology. 
Maltby J M. 1995b. Animal bone. In G J Wainwright and S M Davies Balksbury camp, Hampshire: 
excavations 1973 and 1981. English Heritage Archaeological Report 4: 83-87. 
Maltby J M . 1996. The exploitation of animals in the Iron Age: the archaeozoological evidence. In T C 
Champion and J C Collis (eds.) The Iron Age in Britain and Ireland: Recent Trends: 17-27. 
Sheffield. 
Meadow R H. 1981. Animal bones - problems for the archaeologist together with some possible 
solutions. Paleorient 6: 65-77. 
MenielP. 1987. L'elevage en Gaule. Les structures de I'elevage en France septentrionale a la fin de 1'Age 
duFer. Archaeozoologia 1: 149-166. 
MenielP. 1990. L'elevage et la chasse en Picardie a la fm de I'Age du Fer. Fonctionnement social de I'Age 
du Fer, Actes de la Table Ronde de Lons-le-Saunier, 1990: 13-18. 
Metcalfe D and Jones K T. 1988. A reconsideration of animal body part utility indices. American 
Antiquity 53: 486-504. 
Moran N C and O'Connor T P. 1994. Age atfribution in domestic sheep by skeletal and dental 
maturation: a pilot study of available sources. International Journal of Osteoarchaeology 4: 
267-285. 
Munson P J. 1991. Mortality profiles of White-tailed deer from archaeological sites in Eastern North 
America: Selective hunting or taphonomy? In J R Purdue, W E Klippel and B W Styles (eds.) 
Beamers, Bobwhites and Blue-Points: Tribute to the career of Paul W. Parmalee. Illinois State 
Museum Scientific Papers, Vol. 23: 139-151. 
183 
Noddle B. 1981. Animal bone report. In T C M Brewster The Excavation of Garton and Wetwang 
Slacks. East Riding Archaeological Research Committee Prehistoric Excavation Reports 2: 
Microfiche. 
Parrington M . 1978. The excavation of and Iron age settlement. Bronze Age ring ditches and Roman 
features at Ashville trading estate, Abingdon (Oxfordshire) 1974-76. CBA Research Report 28: 
110-139. 
Paynes. 1972. Partial recovery and sample bias: the results of some sieving experiments. In E S Higgs 
Papers in economic prehistory: 49-64. Cambridge University Press. 
Paynes. 1973. Kil l -off patterns in sheep and goats: the mandibles from Asvan kale. Anatolian Studies 
23:281-305. 
Payne S. 1984. The use of early 19th century data in ageing cattle mandibles from archaeological sites, 
and the relationship between the eruption of M3 and P4. Circaea 2: 77-82. 
Perry B T. 1972. Excavations at Bramdean, Hampshire, 1965 and 1966, and a discussion of similar sites in 
Southern England. Proceedings of the Hampshire Field Club and Archaeological Society 29: 41-
78. 
Piggott S. 1958. Native economies and the Roman occupation of North Britain. In I A Richmond (ed.) 
Roman and native in North Britain: 1-27. Edinburgh. 
Pinter-Bellows S. 1996. The animal bone. In G Hughes The excavation of a late prehistoric and 
Romano-British settlement at Thornwell Farm, Chepstow, Gwent, 1992. BAR British Series 
244. Oxford. 
Pryor F. 1996. Sheep, stockyards and field systems: Bronze Age livestock populations in the Fenlands of 
eastern England. Antiquity 70: 313-24. 
Rackham D J. 1987. The animal bone. In D Heslop The excavation of an Iron Age settlement at Thorpe 
Thewles, Cleveland 1980-82. CBA Research Report 50: 99-109. 
Rackham D J. forthcoming. The faunal remains. In C C Haselgrove et. al. Stanwick, North Yorkshire IV: 
Excavations in the Tofts, 1984-9. 
Reynolds P J. 1979. Iron Age Farm: The Butser Experiment. British Museum Publications Ltd. 
London. 
Rielly K. 1988. The animal bone. In S D Trow Excavations at Ditches Hillfort, North Cemey, 
Gloucestershire 1982-3. Transactions of the Bristol and Gloucestershire Archaeological Society 
106: 19-86. 
Sharpies N . 1991. Maiden Castle: Excavations and Field Survey 1985-1986. English Heritage 
Archaeological Report 19. London. 
Shennan S. 1988. g«a«r/;5^;'/7g ^ rctoeo/ogy. Edinburgh University Press. 
Sheppard P. 1978. Animal remains. In R Harfridge Excavations at the prehistoric and Romano-British 
site on Slonk Hil l , Shoreham, Sussex. Sussex Archaeological Collections 116: 133-140. 
Silver I . 1969. The ageing of domestic animals. In D Brothwell and E Higgs (eds.) Science in 
Archaeology: 283-302. Thames and Hudson. Bristol. 
Sloan, D. forthcoming. Report on the Marine Mollusca from Broxmouth. 
184 
Startin J. 1976. The animal bones from two PRIA sites at Chalton, Hampshire. In B W Cunliffe Iron Age 
sites in Central Southern England. CBA Research Report 16: 47-48. 
StopfordJ. 1987. Danebury: An alternative view. Scottish Archaeological Review 4:7Q-75. 
Sutton M . 1978. The bone evidence. In R Canham Excavations at London (Heathrow) Airport 1969. 
Transactions of the London and Middlesex Archaeological Society 29: 38-43. 
Thomas R. 1997. Land, kinship relations and the rise of the enclosed settlement in the first millennium BC. 
Oxford Journal of Archaeology 16(2): 211-217. 
Trow S D. 1988. Excavations at Ditches Hillfort, North Cemey, Gloucestershire 1982-3. Transactions of 
the Bristol and Gloucestershire Archaeological Society 106: 19-86. 
Turner J. 1981. The Iron Age. In I G Simmons and M Tooley (eds.) The environment in British 
prehistory: 250-281. London. 
Van der Veen M . 1992. Crop husbandry regimes. An archaeobotanical study of farming in northern 
England, 1000 BC - AD 500. Sheffield Archaeological Monograph 3. Sheffield. 
Westley B. 1967. The animal bones from Coygan. In G J Wainwright Coygan Camp: A prehistoric, 
Romano-British and Dark Age settlement in Carmarthenshire: 190-194. Talybont: Cambrian 
Archaeological Associafion. 
Westley B. 1968. Bones from Ivinghoe Beacon. In M A Cotton and S S Frere Ivinghoe Beacon 
excavations 1963-5. Records of Buckinghamshire 18(3): 252-260. 
Westley B. 1970. The animal bones from Budbury. In G J Wainwright An Iron Age promontory fort at 
Budbury, Bradford-on-Avon, Wiltshire. Wiltshire Archaeology and Natural History Magazine 
65: 152-3. 
Whafrup C and Jones R T. 1988. Animal bones. In D A Jackson and B Dix Late Iron Age and Roman 
settlement at Weekley, Northants. Northamptonshire Archaeology 2\: Microfiche, M109-M120. 
Whitehouse R and D. 1974. The fauna. In S C Stanford Cro/Mwi^ey: 215-222. Hereford. 
Wilson R. 1979. The vertebrates. In G Lambrick and M Robinson Iron Age and Roman riverside 
settlements at Farmoor, Oxfordshire. CBA Research Report 32: 128-133. 
Wilson R. 1980. Bone and shell report. In J Hinchcliffe and R Thomas Archaeological investigations at 
Appleford. Oxoniensia 45: 9-11. 
Wilson R. 1984 Faunal remains: animals and marine shells. In D Miles Archaeology at Barton Court Farm, 
Oxfordshire. CBA Research Report 50. Microfiche 8: Al-GIO. 
Wilson R. 1993. Reports on the Bones and Oyster shell. In T G Allen and M Robinson The prehistoric 
landscape and Iron Age enclosed settlement at Mingles Ditch, Hardwick-with-Yelford, Oxon. 
Thames Valley Landscapes: The Windrush Valley 1: 123-45. 
Wilson R. 1996. Spatial patterning among animal bones in settlement archaeology. BAR British Series 
251. Oxford. 
Wilson R and Allison E. 1990. The animal and fish bones. In T G Allen An Iron Age and Romano-
British enclosed settlement at Watkins Farm, Northmoor, Oxon. Thames Valley Landscapes: 
The Windrush Valley vol. I : 57-61. Oxford. 
Wilson R and Allison E. unpublished report on the faunal remains from Claydon Pike, Oxfordshire. 
185 
Wilson R and Hamilton J. 1978. The animal bones. In M Parrington The excavation of an Iron Age 
settlement, Bronze Age ring-ditches and Roman features at Ashville Trading Estate, Abingdon 
(Oxfordshire) 1974-76. CBA Research Report 28: 110-138. 
Woodward P J. 1987. TTie excavation of a Late Iron Age settlement and Romano-British industrial site 
at Ower, Dorset Romano-British industries in Purbeck. Dorset Natural History and 
Archaeological Society Monograph 6: 44-122. 
186 
Appendix 1 
Information available in published Iron Age faunal reports 
A p p e n d i x 1 provides a l is t o f the I r o n Age site faunal assemblages used i n this study, 
together w i t h author references f o r the published bone reports and, where provided, the 
Na t iona l G r i d Reference o f each site. A l s o listed are details o f in fo rma t ion available i n 
these reports relevant to this study; inc luding units o f quant i f ica t ion (NISP, M N I , or 
M N E ) , method o f toothwear analysis, and method o f comparing skeletal element 
representation. 
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Appendix 2 
Site characteristics and species proportions of Iron Age faunal 
assemblages 
A p p e n d i x 2 lists particular site characteristics o f each o f the I ron Age faunal 
assemblages used i n this study, and the number o f ident i f ied cattle, sheep, and p ig 
f ragments i n each sample. Site characteristics include the geographical region i n w h i c h 
each site is located, under ly ing geology and topographical location o f site i n metres 
Ordnance D a t u m , the date o f each faunal sample, and the type o f settlement f r o m w h i c h 
the assemblage is derived. 
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Appendix 3 
Representat ion o f the d i f f e r e n t skeletal elements i n I r o n Age f auna l 
assemblages 
Appendix 3 tabulates numbers of skeletal elements represented in Iron Age pig, cattle, 
and sheep assemblages. Information is derived from published Iron Age faunal reports. 
The unit of quantification differs between assemblages and is therefore listed for each 
sample. 
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Appendix 4 
Mortality profiles based on tooth wear data 
Appendix 4 provides mortality profiles of cattle, sheep, and pig assemblages derived 
from published tooth wear data using the method set out in chapter 8. Graphs are 
grouped separately for pig, sheep, and cattle and are arranged by region. 
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Upper Thames Valley and Surrounds 
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Eastern England and East Anglia 
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Western England and Wales 
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Wessex and Central Southern England 
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Upper Thames Valley and Surrounds 
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Eastern England and East Anglia 
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Wessex and Central Southern England 
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Upper Thames Valley and Surrounds 
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Eastern England and East Anglia 
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Appendix 5 
Reading Tripolar Graphs 
100 ^ 0 
Assemblage A: Cow 48% 
Sheep 35% 
Pig 17% 
Assemblage B: Cow 30% 
Sheep 35% 
Pig 45% 
% 
COW 50 
48%- -
100 90 80 70 60 50 40 y O 20 lo 0 
35% 
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Each point represents a faunal assemblage comprising cow, sheep, and pig remains. The relative 
percentage of each of these three species in the assemblage determines the position of the point on 
the graph. To discover the relative percentage of a particular species in a plotted assemblage, read 
across from the correct species axis in the plane shown by the dashed lines. 
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